FEEBEAMHEAANEBEAE ERRLEE
HEEER A

BT BHAOBRBEEILERNE
EANRGHYBRARE | #]E

HEEE 89 F 11 AL BEE26H

__(_7 Zﬁéi?& J577



% #3850 9% :C08907599

N~ H o4& B R F R E

ME L L  BAORABHCEAZNHOFHAEABRNRRE
EWMBEH: THREEEXREES
BEASEE: 2R 5, (02)23165394
HEAR: 2X8 FHREFERZEYT A Rk
HEER: Ei
HEME: FH _
L ESE: EHE 89 &£ 11 A 11 8 -KE® 89 & 11 A 26 B
4o KE 90 4+ 01 A 10 B8
SER/B: G0/ e (BFEIE) G/ &6 (FHEIB)
Bi423): HABABS/CHEZANNENRGVEARS, BLAR
WA
ARG B EaE L 03 LA A BART
WA EBEE  BEABRENERELR BREERESH
BRLS EBEMBRERE EE3REANEE B TFEL
S PEHLTE C RE S FE CBRRE - WHERBREFE  TERZG
ETRENBEF A SRBARH RAEE LAY ~ BB TR
BAMBEMOPIE  HEERE - UARRIAE - HERERY
BRL > MERREHREHEE -
HEEATEIHHBTABRMAES > GHAAREETHTS
£ 03 B BENRERY  FEMAEENE  wBREBRES -
BAYBEAEENIBENRTHOERE  RRBHHSKA
Bt FEIRZAREN TR -EHRAXEREF  HEL
WERZAKEFA
B 24 oMH: F

AXEFHCELEZHERS T NS



#H %

SHAZE G B ERREREZ - 04 LA R ZART
B A SN eE BEABRENEREL BRRERES
A2 AR BEHEERE FEIRERNEE  afEFEL
Fh g HE R L CBRRAE - WHREE > TERZE
TREENBF AP ROBARHROER LRI RREAERI >
BAEBRRITHAE  HEEZE - URARTEE  HFLLEEK
BeyRE > UFRREBREHWE

HKERAFEILHBEAROEN  HHRAMBREEAY S
.04 BARATHEERYN - FEHEAMRE MmBLEBRS
RAUBEASHFZRFNRTHGMAE - RRBEHHLRA
B FE LI ARES TR —FEAXERMAN  GEL
WERZAKGHA -



oW W 2 i

s

N BT B e e e 4
AR ABEEILEENNERNRGHOE

R AZ e 5
S R B "/
S ABEEHAEE A AR 11
~ B HEEE (Side Events) «oovviiiiiiiiien 16
RS BIEEEIE e 20
~ Mgk

— ~ Assessment of Potential Effects and Adaptations for
Climate Change in Europe
— ~ IPCC Special Report of the Intergovernmental Panel
on Climate Change — Land Use, Land Use Change,
and Forest

= -~ Building a Better Future



— “BARABESILAENHENREHETE (COP6) RET=
KRB #HEEHRSE 4 (SB13part2) £4 (2000) 11 A
138Z11 B25 8 BT 847 A i3 160 B - &8 76000
A& HEAKREBGUAIHARL & 0 RIEBFEEKR T 55 e
HHETHRIEERE ~ IR~ BEISERET - 8FINFLES -
e S8R THRRGESE > B+ AASN - FEHL
RETARANABRHERFFES ~ REBSZFRERAH
( Clean Development mechanism ) ~ £ EREFE - HE TR E
#e h 22 B (ability building) ~ 2 3b A A S BRAREBEZRHN
BREGENMABRRAREL:  UARBRBREIRBHEEIRAZS
% o

—THARABSILEENY |  B-AAEFNEEEEL RE
—HHEFFEZRREET T ZAHBEE SHHF _F AL -
HEEH TBAORABESILEENY ) AT —EALBIEHRE ~
EMATAER AUANENAE  CRAERMMESES - LR
AR¥Fm T WA~ LA HEERENR BHE FREFHE
HE LA AGICRBELEREN LB REZTE - MH
BB AR RARH Gy EAMAKEEREYET/HEE - €8
B EATBREURMMBEEANE > HARBEZWEERSK -

INRBHRYBRAHEE R A3 xmERETE (BHSBI2 A
SBI3) A3 FREBITHHBRAWHE @ BEREWRHFHE THAS
"HEEH AT TE ) HELE e T L8 T/FerR o
FEERRE R TR EZ RN 2002 FEX AR



R BORAABRSLAZILEARGYBTRAR

— ~ B ]

2000 411 B 13 BZ 11 B258
=~ W B

35 B % F Netherlands Congress Center (NCC)
Z~EHREE

( — ) ¢5M%E
1. ERARAEG EHFEH
2ENRRNEEHER
3.EBE
4.3 0 H)

S.HATHREET

( = ) |8 =E%
LB TR ERBERF
PECECE £
3IEBERE
4EMNBREAR
S.T AR AFEHEBEETH
6.% LRFHB A B L HE
T A BESEZ AR
SABAMEBERERSL

( =) MEBRBREARHELEHARE
1.54 /8 #F sk s 483R % (SASTA)
2.0 B AT AR % (SBI)

(W ) BELBBAZENHELGERGBITEL
1 s~ BEZBEREHM
2NEIERAE — B R B R EH
3.ARBBEALORTRE



ARENEE

S.EMEEERE

6. 8152k A8 81 4.9 Y HATIER
TREBEELRRZTY

SHEAEE T - REFTZRECERIGHE TR
Az A EIE

(2 ) F-RFELAGHHK 42 (2) &£ (b) 2BEHR

(X ) BRAHF-EMAE—BARELE  BRLFAIR
%

(£ ) ABHEZBETHOE % (COPMOP) %—%
FHATERHYER |

\.EE RSB aLs5 7 S BEREE ~ HEad
2. T LA -~ LA RS R REWK BHFH
344 E 2 T E (R 7/CP4 2 14/CPS)
4N E T AR EET 225 845

5. REE B2 MK

6. 7 E B X L4465 3.14 B EH

7.2 S AS MR ER (¥ 16/CP4)
SHEBHEE T _RAETZREHERIHFHETHE
Mz A ER

) ATHEGHBEE

) BHBEERERZE T
) BT

) CHEH

wir 9

AN

TN TN TN N

i #

_1_

_l_.._.
1LBBENRGHEARNETHRE
2RXEHE



5 eRANTAER

—~ EANRGHBETHMESN LA 13 EF T RAERe T

I

2 ( Netherlands Congress Centre ) £ R 247 - & 47 B B4R 3 & Jan
Pronk #£4F &3 £ /% » 47 B 4 £ (Her Majesty Queen Beatrix of the
Netherlands ) #8635 % fu it 2 #kie3 - Jan Pronk R F £
TR CEGLAMA—HORCERBET AT EANA
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B AGTELMEE S MEEK - PTEARASGEMNERER
CDM #4l89 & A S 2% > FbHpEBRTTRABMEFLY - 8
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Pt B #A% SBI & SBSTA 431 4L F 2 B SR €3%
A AR A MEARRE - SRR LR RN A
HEBRFEEAREXHHE MR FTFHE  HFELHZEE
BRAFR A B - 1B B 47#4 (Subsidiary Body for
Implementation, SBI) i#@#) kK E £ 63 B LB R AMHA
#] 5 FH2 M #H4E (Subsidiary Body for Scientific And
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BHRERAECETHEAER LHEFHABEFIRR
1R 4 £ s (World Meteorological organization, WMO ) %
BB ACRIBEAET YA REE R —ERHE
M B EHHRSHENRE > BRI IPCC
(Intergovernmental Panel on Climate Change ) 7% & # =R#
e
2IPCC %57 » BAEEH - B @ L - M aLiFsiRKe
BREBRE -
3.4 Rz m 8 (World Conservation Union ) %7~ » £
WMHEARE  BHABREEREE (UNEP) AIBERCHERR
iR EERRE BN R BRI ABE AR
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4.The UN Department of Economic and Social Affairs B B
BEUBRREBERALRA  BELEBHRRARRNEREF

B RAERE RNBEMGEEH BB T A -
5.The Organization of Economic Cooperation and Development
(OECD) RAHRABRSBEEZmRERAFALRNER
# 4 o The World Council of Churches Z R BB REZHEL
BAHOBREE S ATFRAEEZRATRERSE -
6. Milicudefensic 34 FE U —BHER T ERK 2O RELTE -
AWM SBALN AR ERZRGFHEBRREFEMZ A -
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8.The US Business Council for a Sustainable Energy Future ¥ #f E
M BEANRRESH AR LAY » R AEERES CDM >
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9.UNIDO # 5% » £ CDM k283K 220 89 B R F F 7 HEH
OB EECREANTN AREABEENZEET ULR
BATeyfEae it A ey s CDM & JI -

10. 2B 7422 ( The International Atomic Energy Agency) vy
RGEHGBEREENAH LEZEB MY ZSERFLA
CDM HEM4 o

11.The International Confederation of Trade Unions 4% 3G & 32
CERTCHBARSFUEI B LA ESEBHRIBRE -

126 #]F sink VB EABBE T & > IUCN R TFTURAEELRA
F RBFE R ¥ F #RF % - The Global Legislators Organization
for a Balanced Environment (GLOBE ) %7~ % &3¢ 4v ¥ sink 7
B R R S PR B2 L 89 R #E Z 1 0 the International
Chamber of Commerce (ICC) % E] £ 525 » 12 the Indigenous
People’s Organization & # # sink # A CDM-The Confederation
of European Forest Owners & 7 Z bk 7] L3R 4L R 23 69 B2 BEFF
HARBEORERT R ERGUEE > HARR LA
B BLEE o

13.The International Gas Union 4% 7 45 H & A R &R &7 AR AL R D
B F FBE K H # 4 - The International Institute of Refrigeration
FRBBETETNFRT ARG EMNHLE > BIREE T
FE RO A EISRTINE T REHRK -
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#| o 4+¥ CDM B AT H A& FH A |AAEIE °
1.5T Ay A CDM 2 3+ &
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Group BAk& ~ & H ~ FHALE ~ FIH AL - HHETR
EREFRETER -

EREE R — B A P B 4o Tuvalu ~ Samoa~ YR AT B
o Bl R #3% carbon sink 3t £ A CDM - ZE7 11 A 14
A7 B4 ¥ B & & carbon sink 3+ Z 4 A CDM > {2448
5 BE A A Ahey carbon sink IAEHEAIE C BFRIEABRHE R
BERLERE - BB S ENANETEELRRE AR
HBRUEFHENERAERZ BEE 50% -

BRI AR R EH% sink (E) 32357 CDM ZF7E
i B AR KBRE S carbon sink SN FHEH I E R T
FERE  HEBEHT -

2.CDM = &% K
BRI R A — kA PEHERE CDM R A KNE
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FRAGHR TS S HBEREMERLEARTRTA
My BB E] > B MM SB-13 part | R EHB B AL
15ty B B H e bk COP6 €3 3@ -
BA LR A RE B 86 ¢ THREFHA
( facilitation branch) & #47¥# % (enforcement branch) « 4%
REHAATAFEGABRBATELTNBHRER 4T
TR TETERETHMMMGEE A RTEBREETHER
BB TEEER  BAEYHGERREAMEREGH T -
| ZERARETESHBRE T4 BYSELEHR LA TE
A GEAN ERERI MBS RBHZEERE -
DEEEAETE 6 &) F 124 (CDM) A% 17 4 (ET) -
BRGSO R SERRRNOESN c ZHYEREF 445
(REBAT #HPABEERETE—BLafnasya s
BATE ) Bl BN ATH & 4 BUIE ] 0545 ak - 31 38R AR
EIFEF] o
3EHERAEFESL G (BEEREBRE) GUATEHRAR
BREBEEWNEE AR EAHEL - THREHER
LRENE  RIBOVNTHHEE -
AprE R ARETE 3144k (RABE ) LBARIAERLRBAT
% 314 450478 E 0 TRITT AR SHIPHE -
I~ RATBERALAE
HRHBETERE B A TS L EZFHFE "know how"
U AEEE LEEBATFHRERNES 0 1T ORE
METERZAEEE - EHHBAE TSR REMNSHILER
#7 & £ (technology needs assessment ) ~ #% 4 & # ( technology
information ) > 4% #4335 (enabling environments ) ~ fE 1 Z &
( capacity building ) & # #5354 %] (technology transfer
mechanism) £ %78 X HT H L8 E -
AFHBMERT B HAHRZBTHERZHBHETR
BREABEARARERM A~ REBEEAEHHENBRELRN
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AemBERyYE Gl TEEAFHETREEZTIUT
A BEEARE-BESFTEREAEME - AERERK
BHAETREEBCOM AR SR EEBAE/MTH > TH
AME - BERAABRREEHMBE CDM 84 » BFEME
gfu A A -

K -ARNEET®

COP6 &3 L/E%BEMmEHE TR RHELAZEEBARE
REEERY HHETRRELAZLARERERNIERERE
WA E R A RS —BENMBRREGEY - GTT R T
Bird— ot Eeld kRATEUNLEFTARAE COP
6B HEAHLERGRERERT -

e BB SRHEMGHSL > SEHANGREAENIZER
HMaETHEENENZE TS BHAZETBHRGHBESD -
FETFEAR BT RLALHER -
| &R MEARHENEER

@A A E 6 4 A Bl A AR R AT R E IR Fe R D B
BibE > BRRREANSHSAG:REL > FEHEE
HRHAFEESBEME . BbiE N ZEH B LR EE BBAT
RHETETHAEEZAER -

2HETEE (FME4E—BE) HREANZE

AEMHME YR RABERARTHEE TN AKEELE
L MR VYERGENERENME LR AN S H A MPAT
RN e ASEIREESE - BF L85 *EE o 4F
Wk R A RESENGEE  BEEN - BEARFM
BREESESE RMHERBREYE -

+ ~ ZBREEH

1.5 B A © 4% & GT7 &% > COP6 893F 3 BARIE - F RAER
Al c A EHAH SRS B RIERE BATRMRE ABIA
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HRE R EETZ BRI IEFARE IR G M 4EM
#—B % (Key Annex 1 Country ) 8942 £ E # M7 2 & H
By EEAERREH - S EHFREASHE R %BH
REBUBERFGERRDBIEETEHRE -

2.Samoa X, & EE B AT © AHA 1992 SO BMBEHHE
BA > MA—HRGTHELBRARAGEBHESMH -

BFHRERARBRACHERARZRYBENRETHHETZEAK
FREAFEREE - BEREERT CDM BHREHE
(incremental) B RIEFHE o

4—BFTRRRERGHB AR —BEHAEFHEH 11 (Central
Group 11> i CG11) sy #TH 8 > L EH B A XHBLE T
FREAT M LR BERF TR AR A% - CG 11
& 5 B €35 1% Au#] 25 ~ Croatia® 3 %, ~Estonia-~ & ¥ #] - Latvia -
KB~ BB R ~ Slovakia ~ Slovenia #v Lithuania % 11 18
% » f£ COP6 €3 #7 M i Slovakia & H:2 %19 -
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18 ~ A% ES (Side Events)

— - BAKERAEIAHIEERELELERRS
1. B A& 7% 4a 8% 3% A € (Japanese Federation of Economic
Organizations > B X % 4% % Keidanren - f #5 48 ] 32 )38 40 2|
AIESBRIMIRNTRE N 199 FE=ZRGFHH G
BERMEAEITHFIE 2L =5 BEEAXTY
FEWYREBELZ 201058 AEENFIRAERZEILIT
G CO2BAERRE 1990 FARKBUTF » ZEFFIRAERE
MAPIEFILREEREE S  sbREBHLER - 1999 F CO2
TR E A 4.7865 45 0 8 1998 £ 3w 2.9% 0 8 1990
S£38 0 0.1%- 1 7245 2005 EHeH & 4.9951 45+ CO2 (tb 1990
38 4.3%) - 4k 3% £ A~ 535 ( business as usual, BAU ) F 2010
£ HEH E T 5.2404 4874 CO2 (k1990 £3 Au 9.4%) -
-~ HRETHEES
R 2000 £ 1 B 18 BAAEHE B ASBBENHE
PRERBRETE BRA 150,000 FL£E4 REHEKAN
H-—BRRLEEE  BAN 2012 F4 1k o FHFARAT S 5
EABRENTEEANAARAAGEMRABREARBGHEE
Z-2REBEFABRENZ
International Aluminum Institute (IAI) & 23K H ek ik
ey PFC AR S3T A R THERSETAES
HREH LYz — - JAlAHEEH 25 £ 8 ey PFC HEK
FTEE Bt F B2 60%89 25 R B B H 1997
£84 CF4 32 (54 Z 1 48430K CF4 2.30) F34# 1990
FRERAT% BV KR - R BAMEHERRE - B
WA OBHERNEEZLNEREIERSY  FERREBEFFTEHK
MR EEE S 2REEERBFERGBTRABIRRE
FE REERBRMET I ACDM E6EE -
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rHREEEEITEHE LV FI0%NGRMREH
WO o LA 1997 & &4 0 #9 5 @ BE4s R A &)
BB b R E M e 0 FAEAH 2005 Fd B AT HRE 113
HHmE 227 &, o AR FERBGE TR ATHE
B YRV AEETEE QLB E  TARAKERR
BN T B ARGR £ AR A FE -

W AEBATEAGEES

B B #4438 (International Nuclear Forum ) #9 Ms.
Maureen Koetz 2R &M e AT AZE S B MBE - |ETH
B R EE S EREAEBZASE  BETHEARERNE
EMARTEM BB —£8 54K 5 FEn e B
b ERB AT S 1.685 e 0 BB R 2.08 &5 s % E
B ) B 8 4 oAb .75 B dm — RALBRL A HEA o

B AR RAERGEZEMANCDM I E » 12 Ms.
Maureen Koetz & i~ B AL AEMN > R AFEERN THR
ARG A S BABENE R mARAE ST AR
AR > MBLUHERRLBEGARNHEEHRTRRELE
BB EAXEER HREFNARZREHFHLLER  EHLEERS
THRBRAADNE TR  CRAERRESEHTARE - 28
BASRSBEEFEZERBRANBAETR  EERRSL
BRI BHERAR—ETRNEE  REREHF -

et E R F T A COM ARG HBE K€ LXK E
Bk R REAB BRI EERBAALEEE R
R EaN CDM A $35 -

A BARRREREE

FEEBAFRLEHBAAGE AL RE-EHEE
EHERAGBERN - £ XA &@F Million Solar Roofs
Tnitiative =+ %> % 2000 £ 10 B2 E£ 7 10 EE % %54 8 1980
4£45$1.00/kWh &% 2000 585 0.20cent/kWh » FRER ZE 2005
2 0.10cents’kWh - & A 55 % @4 Wind Power America 3t &
FaHR B 2001 £ 12 B 85 4,600MW 5% & £ 2020 545 80,000MW >
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15 2 2 e R FE B 5% A B 1979 484 40cent/kWh F& 2 2000
£ 4 $4-6cent/kWh > B 42 2007 £ % 2-4cents/kWh o
BRERXEF G HHEAE - EREHE - ¥ REFE
HeRH s BOKBERIA RITAAEHRE  HHHE 2020 £ £
HEREER GG AR RAZEREEAMARTEES
o ARFFEAERT T FERERITRE SENE - M
MI¥ELoRESBERRENEZ - BRAEZBARANCGHUMT AR
LBEABIRRERSE > 2R AARENR  ATEEER
823 CDM R&E LR > M BEBRBEHRERTEBLE -
2000 # £.4% H45 & ;=€ (Climate Tech 2000 Pavilion )
HABABHAZSLHEEZNAEXRGLE SR RY
R ¥ K EE E W4 (World Business Council for Sustainable
Development ) ~ B £ ¥ &k 2R 48R K 48 1% € (European Business
Council for a Sustainable Energy Future ) B A7 BEE ~ ZRH#HA
Z B A% (Ministry of Housing, Spatial Planning and
Environment )% # 11 A 16 B £ 22 B {8 € 3 ¥ ( Schambart &
Heiligers Building, Catsheuvel 30 ) 3t E] & #% 2000 5 8,4% £47
BAE BRI BUBMETAELE  AENEREN - FE
BERIAT ~ RASEBRLERNE - 2R BMBRIMEMIA
—t+EEEy > EHMEMERI SHABSTHNRE B RS
FE XA > 3% B (Transport) ~ & 4 4578 (Rencwable
Energy ) ~ #giR#% % (Energy Efficiency ) ~ ¥k % % (Emission
Trading) % > AT AL HH & :
1.Shell International
Shell 2 — 23R MEeBEE N LB FRABIENRE
BAZ& % 2002 £8F#: 1990 FKFE D 10% - & 2000 F5 44
Wz b 3 #8503 WERBEA X 4 The Shell Tradeable
Emission Permit System (STEPS) #i#B HE R8T A 825
Bk EARE o Shell BRI NEHE XA RGREREBREY » T&R
BEHRAMEERES  TELEINNERREEM AT EL -
2 Kilombero Forests Ltd. (KFL )
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15 % Tanzania B — RAANE » 2R BWYRAFELH
HEEEHLE CDM & - LEZF MR T HHHF

— B % - B 1996 ## KFL 3 H 4 # 5 2% B CDM @4t
7 &3 ek TreeFarms A/S 4 Tanzania -F /- 3] Escarpment
Forestry Company Ltd. 8 ¥ % > T4 RET 118 E
oo BRAF 12,121 008 R 3heh 99 a0 R 0 AR EF 1,700 2
FR o

3.Statoil
PR o 3) Statoil X 25 2 H K Bl RALEAT » A
CO2 X e fE /L +b g B F - Statoil &7 BT H R AR F 4 CO2
SEEE R (5EH>2%) Bk CO2ENFRET > Rt
B G B > B — I I AR o IRIBHEARS
AREHR » doBERT AR CO2 > 37+ LA —HF BRI F A7
4 RITE # ICETT
A A& RITE (Research Institute of Innovative Technology

for the Earth ) & ICETT (International Center for Environmental
Technology Transfer ) » A1 # X 2515 L35 5 B £ ALF A
BAHT - BRI RERMEE - A AT EBREBREZLEAZRSE
ARG EREEHREEXE S B ERHRRELETY
FAR o
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e~ BECHRERTE
— BRI

HHERARE-AZB BEFZTRABERERE
T OBRAZI T I AGYHBEIERELRZIES
BARAEBRREGERARESHHBARENREG T
AHAMERZRBRE > UHBHFEALEN =002
FRATER o

( Z )AERSEEREAR LKL LTHE Y% B 4 (compliance
commission) » A K TR FREEHm (facilitative
Branch ) ##47%#% 4 (enforcement branch) &:i% &%
o BHMA -BFZRAITEAETRAIHIAE
TR RAZEE AERSOY -

( =) 2D ERADOBERLES Y ¥ %328 UNFCCC &
V2 &/ REBRAA = (1) AEELELENS
REZBE S (2) JITABRECAZ N YR TLERL
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Foreword

This is a summary of the report, Assessment of Potential Effects and Adaptations for Climate
Change in Europe, which was funded by the Environment Programme of the Research
Directorate General of the Commission of the European Communities. It has been written by
27 scientific experts, many of whom have led major CEC research projects and all of whom are
authors of the current assessment by Working Group Il of the Intergovernmental Panel on
Climate Change. The assumptions and scenarios in the study are similar to those of the IPCC
Third Assessment. Indeed, this report has provided the basis from which the chapter on effects
of climate change in Europe has been developed for the IPCC Third Assessment, to be
published in 2001.

The authors have drawn upon all available published material (the result both of CEC and
nationally funded research), and have added their expert judgement and those of their
colleagues where literature is absent. The draft chapters were reviewed by 14 additional
experts, and revised accordingly. The result is an expert assessment of what we currently know
about the effects of climate change and the most effective adaptation to it.

Each chapter in the full report considers: a) key sensitivities to weather now, b) key impacting
aspects of climate change in the future, ¢) most vulnerable sectors and regions, d) main
implications for other related sectors, e) implications for other (non-climate trends), f) main
uncertainties and unknowns, g) implications for policy, and h) implications for research.

The report is an important synthesis of current knowledge and of its implications for future
development and research, and | recommend it to those concerned with these and related tasks.

| am confident that this report will be useful both for the scientific community and
policy makers.

A. Ghazi
Head, Biodiversity and Global Change Unit,
European Commission, Brussels.



Preface

A substantial amount of research has now been completed on the possible impacts of climate
change on Europe. But this is not coherent because different studies have often adopted
different timescales, looked at different regions and assumed different climate change
projections of the future.

The Europe ACACIA report draws the disparate knowledge together. This is a summary of that
report. The experts were asked to consider all available published and ‘grey’ literature and, in
addition, to make expert judgements regarding impacts and adaptations where information is
currently missing but where it could be inferred from other studies.

The primary purpose of the report is to identify key issues for policymakers, planners and
researchers. A chapter is allocated to each of the following sectors:

Water Resources Ecosystems

Soil and land resources Forestry

Agriculture Fisheries

Insurance Transport and energy
Tourism and recreation Health

Coastal zones Mountain regions

Fach chapter addresses a common set of issues:

o The key sensitivities to weather now.

® The main impacting aspects of climate change in the future.

® The most vulnerable regions.

e The array of adaptive options.

® The key implications for other related sectors and other environmental trends.
e The uncertainties and unknowns.

® Policy implications.

® Research implications.

This 3-year study has provided the basis for the chapter on Europe in the forthcoming Third
Assessment Report of the Intergovernmental Panel on Climate Change (IPCC). In effect the 320
pages of this report have been condensed, and combined with information on Eastern Europe
and European Russia, to make the 40 page IPCC assessment for Europe. In this respect there is
complete commonality between this ACACIA report and that prepared for the IPCC, though
with much more detail in the former.

The climate change scenarios and the socio-economic scenarios adopted here are the same as for
the IPCC. Indeed, it was within the Europe ACACIA study that the scenarios were first tested and
written up at the regional level.

I am grateful to the 27 expert authors, 12 senior advisers, and 14 reviewers and technical
assistants who together developed the Europe ACACIA report.

Professor Martin Parry - Editor
Jackson Environment Institute, School of Environmental Sciences,
University of East Anglia, Norwich, UK



Assessment of Potential Effects and Adaptations for Climate Change in Europe

SUMMARY AND CONCLUSIONS

This is an assessment of impacts and adaptations to climate in
Europe, based upon an expert review of current knowledse.
It has drawn upon all available knowledge including the most
up-to-date projections of likely future climate change. These
scenarios are the same as those adopted in the Third
Assessment of the Intergovernmental Panel on Climate
Change (IPCC). The authors of this report are those of the
IPCC Assessment and the report itself has provided the basis
of knowledge from which the IPCC assessment for Europe has
been summarised.

Overall, it 15 evident that:

= The balance of impacts of climate change will be more
negative in southern than in northern Europe.

* Primary sectors, such as agriculture and forestry, will be
more affected than secondary and tertiary sectors, such as
manufacturing and retailing.

* More wealthy regions and seciors will be less adversely
affected than more marginal and poorer ones.

Consequently, climate change has major implications for
Europe’s policies of development and environmental
management. The Report makes numerous recommendations

regarding these.




Effects of Climate Change in Europe

OVERALL CONCLUSIONS

Expected changes in Europe’s climate

Global climate is warming and ".... the balance of evidence
sugeests a discernible human influence ....." "on this warming.
In Europe, mean annual temperature has risen by about 0.8°C
during the twentieth century, with the last decade (1990-99)
being the warmest on record, both annually and for the
winter season. Night-time temperatures have increased more
than daytime temperatures, probably related to increasing
cloudiness. Precipitation over northern Europe has increased
by between 10 and 40 per cent during the twentieth century,
whereas some parts of southern Europe have dried by up to
20 per cent.

Four future climate change scenarios are presented for
Europe, each scenario assuming a different characterisation of
the future world. The climate change parterns associated
with each scenario are derived from a set of recently
completed global climate model experiments.

+ Annual temperatures over Europe warm at a rate of
between 0.1°C/decade and 0.4°C/decade. This warming of
future annual climate is greatest over southern Europe
(Spain, Italy, Greece) and north-east Europe (Finland,
western Russia), and least along the Atlantic coastline of the
continent. In the winter season, the continental interior of
eastern Europe and western Russia warms more rapidly
than elsewhere. In summer, the pattern of warming

displays a strong south-to-north gradient, with southern

Europe warming at twice the rate of northern Europe.

Climate model predictions tend to agree most over

southern Europe in winter and for north-western and

eastern Europe in summer.

Winters currently classified as cold (occurring 1 year in 10
during 1961-1990) become much rarer by the 2020s and
disappear almost entirely by the 2080s. In contrast, hot
summers become much more frequent. Under the 2080s
scenario, nearly every summer is hotter than the 1-in-10
hot summer as defined under the present climate.

The general pattern of future change in annual precipitation
over Europe is for widespread increases in northern Europe
(between +1 and +2 per cent/decade), rather smaller
decreases across southern Europe (maximum -1 per
cent/decade), and small or ambiguous changes in central

Europe. Most of Europe gets wetter in the winter season
(between +1 and +4 per cent/decade). In summer, there is
a strong gradient of change between northern Europe
(wetting of up to +2 per cenvdecade) and southern Europe
(drying of up to -5 per cent/decade). The inter-model range
of seasonal precipitation changes implies that sign
differences frequently exist between the precipitation
changes simulated by different climate models. The largest
inter-model differences tend to occur in southern and
northern Europe.

Global-mean sea-level rises by the 2050s by between 13 and
68cm. These estimates make no allowance for natural
vertical land movements. Owing to tectonic adjustments
following the last glaciation, there are regional differences
across Europe in the natural rates of relative sea-level
change. While much of central and southern Europe is
slowly sinking (typically by Scm by the 2080s), much of
northern Europe is rising out of the ocean.

The ACACIA scenarios do not explicitly quantify changes in
daily weather extremes. However, it is very likely that
frequencies and intensities of summer heatwaves will increase
throughout Europe, likely that intense precipiration events
will increase in frequency, especially in winter, and that
summer drought risk will increase in central and southern
Europe, and possible that gale frequencies will increase.

A summary of likely effects of climate change
in Europe

The basic human topography of the Europe in which climate
impacts are likely to be experienced in the future is likely to
be very different to the Europe of today. Even the political
boundaries of a future Europe and the precise allocation of
decision-making tasks across the levels of governance within
it could be very different.

The effects of climate change in Europe will involve both
losses and gains to the natural resource base. These will vary
from region to region, from sector to sector, and within
sectors. The significance of these effects will, however,
depend to a considerable extent on the non-climate drivers of

environmental change, socio-economic development and

'Glimate Ghange 1995: The Science of Climate Change. Second Assessment Report of the Intergovernmental Panel on Climate Change. (J. T. Houghton, L. G. Meiro Fiho, B. A.
Callendar, N. Harris, A. Kattenburg and K. Maskell (eds.) Cambridge University Press, Cambridge.
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olicy evolution within Europe. I summary. and in very
eneral terms, we may expect that:

Present-day weather extremes have effects on natur-al,
social and econormmc systems in ways which reveal
sensitivities and vulnerabilities to climate change in these
systems. In many cases. climate change will aggravate such
effects.

Current and future pressures on water resources and their
management in Europe are likely to be exacer- bated by
climate change, (partly because the effect of change is
uncertain). Flood hazard is likely generally to increase. and
the risk of water shortage is projected to increase
particularly in southern Europe. Climate change is likely to
exaggerate the water resource differences between
northern and southern Europe.

Soil quality will dereoriorate under warmer and drier
climate scenarios in most regions of both northern and
southern Europe, and this will impair the soil functions that
underpin ecosvtems and society. The magnitude of this
effect will vary markedly berween geographic locations and
may be moderated by increasing precipitation, except
where precipitation changes exacerbate land degradation
processes.

* Increasing temperature and CO, is expected to result in
changing natural ecosystems, increasing the encroachment
of trees and shrubs in northern tundra, and broad-leaved
trees in parts of northern European coniferous forests, and
possibly increasing fire frequency in Mediterranean areas.
Net productivity in ecosystems will likely increase {also due
to nitrogen deposition and increased carbon dioxide), but
carbon storage may not. Diversity of vegetation in some
nature reserves is under threat from rapid change. Loss of
some critical habitats (wetlands, tundra) would threaten
some species (e.g. migratory birds).

There will be increases of productivity in commercial forests
in northern Europe, but likely reductions in the
Mediterranean regions and continental Europe, with
increased drought and fire risk.

Increasing atmospheric CO, will increase productivity of
most crops. This would be counteracted by the risk of
water shortage in southern and eastern Europe and by a
shortening of the duration of growth in many grain crops
due to increasing temperature. Northern Europe is likely to
experience overall positive effects, whereas some
agricultural production systems in southern Europe may be
threatened.

Climate change is likely to result in faunal shifts affecting
freshwater and marine fish and shellfish biodiversity.

.

.

Changes in fisheries and aquaculture production will be
aggravated by unsustainable exploitation levels and
environmental change.

The insurance industry faces potentially costly climate
change impacts through the medium of property damage,
bur there is great scope for adaptive measures if initiatives
are taken soon.

Transport, energy and other industries will face both
changing demand and market opportunities, but there will
be adverse impacts associated with sea-level rise and
changes in the incidence of extreme weather episodes.

Higher temperatures are likely To cause changes in

recreational preferences, stimulating tourism and
recreational activities outdoors in northern Lurope, but
summer heatwaves are likely to modify the traditional peak
summer demand ar Mediterranean holiday destinations
whilst less reliable snow conditions could impact adversely

on some winter ski resorts.

A range of adverse risks are posed for human health
through increased exposure to heat and air pollution
episodes, extension of some vector-borne diseases (e.g.
leishmaniasis. tick-borne encephalitis) and through coastal
and riverine flooding.

In coastal areas the risk of flooding, erosion and wetiand
loss will increase substantially with implications for human
settlement, industry, tourism, agriculture and coastal
natural habitats. Southern Europe appears more vulnerable
to these changes, although northern Europe already has a
high exposure to coastal flooding.

in mountain regions higher temperatures will lead to an
upward shift of biotic and cryosperic zones, and will
be a

perturb the hydrological cycle.  There will

redistribution of species with, in some instances, a threat of

extincrion.

- ‘Summary and Conclusions -




‘Effects of Climare Change in Europe

RECOMMENDATIONS

Implications for policy

i) Present-day weather extremes (droughts, floods, wind storms
etc.) impact upon the natural, social and economic systems
of Europe in ways which reveal sensitivities and
vulnerabilities to climate change in these systems.
Studying the responses to these events can teach us about
the appropriateness of (z) coping strategies for extreme
weather fluctuations in the short-term, and (b) adaptation

strategies to climate change in the longer term.

Sectors vary in their sensitivity to present-day extremes,
and in the level of management awareness of the risks
posed by present-day extremes and by climate change.
Sensitive sectors with low levels of management
awareness, such as tourism, are most vulnerable to climate

change impacts.

ii) In the water sector, the major policy implication of climate
change is that it is no longer possible to assume that the
future hydrological resource base will be similar to that of
the present. This is important in the context of sustainable
water management. Water managers, at all levels,
therefore need to (a) develop methodological procedures
for adopting a scenario-based approach to strategy or
scheme assessment, and (b) develop adaptive techniques
thar allow incremental adjustments over time. A second
major implication is that the amount of climate change
might make it more difficult to move to more sustainable
management of water resources, particularly in the south of
Europe.

iii) At present, soil protection policies at both the narional and
international level are very poorly developed, especially in
comparison with policies relating 1o air and water quality.
Probably the most developed policy area is for soil erosion
and desertification. The UN Convention to Combat
Desertification has required Portugal, Spain, France, Italy,
Malta and Greece to prepare national action programmes,
and some European countries place restrictions on land use
o protect against soil erosion, e.g. the active planting of
trees and grass to reduce erosion has been encouraged in
France, Austria and lceland. Whilst such policies deal with a
problem that occurs now, there is a need for explicit
consideration of climate change impacts on degradation
processes that will occur in the future.

I\
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Thus, given the wide range of land quality issues in the
present, and the likely deterioriation in land quality arising
from clirate change in the future, current policies appear
to be inadequate. The implementation of broader policies
thar aim to preserve the quality of soil and land resources,
both in the present and in the future, is needed now. Such
policies should be regionalised, targeting specific issues
within different European locations.

) Many European ecosystems are likely to be modified in

structure and/or  productivity by climate change.
Implications for policy — beyond the general need to reduce
fossil fuel emissions — have a mainly local and regional

character:

Policies with the zoal of conserving the diversity or other
services of European ecosystems need to be based on
detailed regional assessments, since impacts are regionally
different due to climatic and land use gradients, as well as
due to the spatially variable signal from climate change.

Policies can currently not be based on spatially
comprehensive assessments of regional threats that may
occur in the future. This requires a higher degree of
certainty in climate modelling, as well as an improved
assessment methodology for the impacts.

Many European ecosystems are likely to have higher net
primary productivity due to higher temperatures, higher
CO, concentrations and atmospheric nutrient pollution.
Environmental policy should, however, not assume that this
necessarily implies benefits for many ecosystem services,
since disruptions in the present ecological balance are likely
to follow (e.g. disturbances, leakage, loss of oligotrophic
species). Because soil respiration will increase with higher
temperatures, the higher net productivity does not imply
increase in carbon storage. It can therefore not be expected
that climate change will aid an easier fulfilment of Kyoto
commitments.

Dry ecosystems in the south and the southeast will require
an intensified fire protection policy if loss of life and
property from more frequent and more intensive fires is to
be averted.



» Some ecosystems with particular value for animals (e.g.
migratory birds) are under threat from climate change and
need particular monitoring and protection.

v) Increases in forest productivity in northern and parts of
western Europe should encourage national policy to utilize
on a sustainable basis the consequent increasing forest
resources and to expand the area under forest cover. In
southern and continental Europe, national policies should
encourage the. development and implementation of

adaptive management to mainiain the existing forest cover.

vi) Policies to support the adaptation of European agriculture
to climate change should encourage flexibility of land use,
crop production and farming systems. This may require
reforming agricultural policy to assist land use change and
reforming water markets to encourage more prudent water
use. Policy actions should primarily focus on areas where
there are long lead times or large investments involved, e.g.
for intensive farming systems involving permanent Crops,
large scale irrigation systems and some livestock systems.
More information on effects of climate change at the
regional level is needed before actions on specific
production systems can be recommended.

vii) Policies for freshwater fisheries and aquaculture should be
integrated with wider ecosystem-based/watershed-wide
management schemes. Biodiversity conservation plans

require information on possible shifts in species
distribution. Nearly all European marine fisheries are either
fully or over-exploited, leaving no safety net for possible
climate change effects. An adaprive policy needs to make
provisions for (a) reduced levels of production because of
ice and snow melt in the north and (b) a move of some of
the resources northwards. Faunal shifts resulting from
global climate change are likely to increase conflicts
hetween users, and challenge the allocation patterns
currently set in the European Common Fisheries Policy.

viij) With respect to insurance a concerted effort is required (a)
to integrate public resources (e.g. disaster relief) and
private resources (e.g. private insurance) to handle extreme
events that may become more frequent under climate
change, and (b) to focus on vulnerable geographical zones.
Such vulnerable zone management should consider the
needs of all stakeholders, and include new land
development and ‘legacy’ exposures. A key enabling step is
the provision of information on climate change to all the
stakeholders. Fiscal policy should be amended to recognise
the long-term nature of catastrophe insurance.

ix) Climate change estimates should be incorporated into
environmental impact assessments and into investment

decisions taken in connection with major transport and
energv developments and installations. Policies for the
monitoring of infrastructure, including bridges and dams,
need to be reviewed. Revision of building standards and
codes, particularly relating to development in flood risk
zones in coastal and riverine hazard areas, is
recommended. lnvestment policies in connection with
routine expenditure, such as highway winzer maintenance,
should be reviewed.

x) Changes in recreational preferences, arising at least as a
partial result of climate change, may upset the large scale
capital transfer from the tourist demand areas of northwest
Europe to Mediterranean countries and perhaps to some
mountain regions. This would have implications for
regional policies. Policy reviews of visitor management
strategies associated with increased peak demand at some
coastal and rural sites are likely 1o be needed. Policies to
encourage investment in tourlst infrastructure to capitalise

on new opportunities in new areas should be implemented.

xi) Societies will need to adapt in order to minimise the
adverse effects of climate change on health, safety, and
social well-being. In order to enhance the capacity for the
detection of the early health impacts of climate change,
research, monitoring and integrated assessment activities
should be supported. Potential adaptarion options Lo
reduce health impacts include the strengthening of public
health programmes, e.g. health education, and vaccination
programmes for diseases such as tick-borne encephalitis.
Such interventions should be undertaken on the basis of
evidence that demonstrates their effectiveness. A co-
ordinated pan-European surveillance system needs to be
developed that is able to detect changes in
incidence/distribution of infectious diseases that are
associated with environmental or climate change. There are
also substantial implications for policy-making in the
various ‘upstream’ sectors that would mediate some of the
effects of climate change on health (water supply, industry,
construction, and agriculture). Governments should also
address the substantial near-term health benefits of many
mitigation policies and technologies in Europe and beyond.

«ii) Coastal zones will be substantially and progressively altered
by dlimate change, but the magnitude of these changes
remains uncertain. Autonomous adjustments will not solve
the resulting problems, and policies for coastal areas need
to reflect and adapt to these changes as necessary. In
particular, there are a number of local, national and EU-wide
efforts to promote integrated coastal zone management.
These need to be encouraged to strengthen the
institutional basis for proactive measures. A challenge
across Europe is to develop strategic management policies




Effects of Climate Change-in Europe

that allow both continued human utilization and preserve
coastal ecosystems under conditions of rising sea levels.

xiii) For mountain regions there is a need to raise the awareness
of both the general public and policymakers to the real
threat of increased natural hazards, such as rockslides,
avalanches and floods, which will affect the security of
populated regions. In terms of less-populated zones, the
vulnerability of the biosphere to change will be a major
issue, particularly when attempting to implement segments
of Article 2 of the Framework Convention on Climate
Change pertaining to ecosystems. Furthermore, because
mountains are essentially the ‘water towers’ of Europe, any
changes in rain and snow regimes will significantly impact
upon warer resources, not only in the source regions but
especially in the more populated lowland regions.

Recommendations for research

i) Fundamental to the improvement of future climate change
prediction is further development and improvement of
global climate models. This is a major ongoing international
field of research. More specifically, it is also desirable to
generate a range of climate change predictions that are
consistent with a range of driving scenarios of future
atmospheric composition. Methods should be explored for
expressing uncertainties related to future climate change
within a risk assessment framework. Further research into
downscaling of climate information should focus both on
improving the techniques themselves and on evaluating
their usefulness for application in impact assessment. There
is a need to analyse and interpret more systematically the
outputs from climate models that relate to extreme climatic
events.

ii) Effects of current weather can tell us much about the effects
of climate change. We need to understand:

-

the factors (climatic, technical, economic and cultural)
which contribute to the impact of a weather extreme;

the relationship berween sensitivities to present-day
weather extremes and the likely sensitivities to future
climate change;

public perceptions of the impact of weather hazards and
the short-term management strategies adopted to cope
with them; and,

the suitability, cost and public acceptability of management
strategies, both to cope in the short-term with the
immediate impacts of the event, and to adapt in the longer-
term to lessen the impact of future events.

iii) In order to estimate better the implications of climate
change for water resources and their management in Europe,
research is needed in four priority areas:

defining scenarios relevant for water sector assessments
(including specifically changes in variability over time);

estimating effects on components of the hydrological
system (specifically flood flows, groundwater recharge and
water quality);

estimating the costs and extent of impacts on water
resources and hazards under different possible socio-
economic futures in Europe and different potential adaptive

responses;

and researching into appropriate techniques for managing
water resources in the face of climatic uncertainty.

iv) Research on the implications of climate change for soil and
land resources should aim to improve understanding of soil
processes and their relationship with soil functions, as well
as seeking to integrate better our understanding of soils
within impacts assessments for other sectors, e.g. water,
agriculture, ecosystems, etc. In this way, soils research
would contribute better to knowledge on adaptation
options to climate change, which is important because of
the role that land management plays in moderating soil
quality.

v) Research on European ecosystems should address the
relation between socio-economic trends, land use and
ecosystem function more comprehensively than before. In
addition, the ecosystem-level underpinnings need to be
investizated in a more consistent experimental and
modelling framework, particularly for the hydrological
regime of complex landscapes, the direct effect of increased
CO, on individual plants and the whole ecosystem, the role
of disturbances such as fire, and the role of pests and
pathogens.

vi) For forestry, elucidation is needed of the management
methods most appropriate for climate change. In
particular, a better understanding is needed of how key
commercial tree species may interact with climate, pests
and management operations to alter yield potentials.

vii) There is a need to explore and develop methods of
adaptation to climate change, which also increases the
resilience and long-term sustainability of agricultural
production systems under climare change. This includes
developing methods of targeting the use of available
genetic resources of plants and animals, studies on




diversification of farming systems at regional and local
levels, on farm management methods to increase
efficiencies of water and nutrient use, and the development
of information systems for farmers. including the use of
seasonal weather forecasts. There is also a need to study
effects on cropping svstems and mixed farming systems.
some of which have regional specificity and contribute

significantly to European rural heritage.

viii) Fisheries and aquaculture research need to expand beyond

the current single-species  approach. and beyond short-
rerm management questions. It should integrate local
environmental aspects and the constraints from the
regional social fabric of coastal regions, the slobal market
and other economic realities of the industry. Policy research
is nceded to idenrify optimal scales of fisheries and
aquaculture governance in Europe based on ecosystem-
centred approaches to management and the development
of adaptive policies.

x) The insurance industry sees the need for major cross-
sectoral initiatives to enhance informarion in the following
flelds: betrer access to historical climate data and climate
change projections: more detailed climate change
predictions, specifically for extreme events in major
insurance markets around the world; improved techniques
for impact assessment, building on historical experience of
extreme events with tools  such as geographical

information systems (GIS) and simulations; and education

about the implications of climate change for all
stakeholders in the built environment.

x) As the trans-European transport network develops further,
research is needed in many European countries on the likely
impacts of climate change on the demand for transport and
the operation, efficiency and performance of the network.
Research is needed that analyses the risk to particular
industries of climate change and the adaptations and
adjustments that may be required, but also identifies new
and expanding market opportunities. More research is also
needed on how firms perceive climate change and how
organisations take into account climatic extremes. The
renewable energy industry requires further research into
the potential contribution of climate change to the natural
variability of wind and solar resources. The construction
industry will face new design opportunities, and research
on the most appropriate statutory building standards in the
EU will be required.

xi) There is an urgent need to conduct further research that
translates the expected future climate scenarios in terms of
the likely impacts on tourism in the EC. Interactive research
that explores the possible response strategy of the fourisim
industry and identifies new and expanding opportunities

B " Summary and- Conclusioris

for the industry is pamicularly needed. Joint research
projects . tween tourist boards. the private tourism sector
and climate experts could be expected to be most
productive.

xii) There is a need for baseline research to describe the
relationships between weather, climate and human health.
such studies will further inform the epidemiological and
modelling studies that are needed to estimate future
impacts on health. Regional, national and local impact
assessments should be undertaken, to identify the means
by which the vulnerability of populations and subgroups
could be reduced and to select priorities for monitoring.
Monitoring svstems need to be developed to detect early
evidence of changes in disease incidence or distribution
that may be related to climate change. There is a need for
the development of climate and socio-economic scenarios
that are more relevant for health impacts assessment.

xiii) Achieving sustainable management of coastal areas will
require a greatly improved knowledge and understanding
of the European coastal system, including:

- an appropriate GIS database on coastal typology;

« improved scenario development;

+ continued process studies and model development;
« continued impact and adaptation assessments.

In particular, there should be a focus on the interactions of
climate and other changes in the coastal zone.

xiv) Because of the complex interactions between physical,
biological and economic systems in mountains and uplands,
an integrated approach to impacts research is essential.
Particular foci of research should include increases in
natural hazards and their impacts on mountain
communities, as a resuit of changes in permafrost,
precipitation regimes, vegetation cover, etc. An inventory
of potential species extinction as a result of climatic change
would help in the development of adaptation strategies, as

required by the Framework Convention on Climate Change.
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SPECIFIC CONCLUSIONS

Key impacts from current weather

i) Present-day weather extremes impact on natural, social and
economic systems in ways which reveal sensitivities and
vulnerabilities to climate change in these systems.

i1) The response of these systems to a weather extreme carn
inform our understanding of how adaptation strategies for
climate change will emerge, be implemented, and succeed
or fail.

i) Drought. Exceptionally hot, dry conditions can have a
devastating impact on the natural environment by reducing
water availability in the soil for plant life and in open water
bodies for bird and animal life. Outbreaks of algal blooms
can make water bodies unusable for recreational purposes.
Agriculture and water supply are perhaps the two economic
sectors most severely affected by drought, particularly in
southern Europe.

iv) Summer heat waves in southern Europe can have severe
implications for forest fire occurrence and for human
health. The extreme temperatures of summer 1998 in
Greece are estimated to have led to economic losses of
$675 million, with 14 deaths. By late July 1998 forest fires
were recorded at 40 separate locations, with temperatures
in many regions in excess of 41°C. Even in northern and
central Europe, pollution levels may be unacceptably high
where hot weather is caused by subsiding anticyclonic air,
with knock-on effects for human health in terms of
increased asthma attacks and associated hospitalizations.

v) Mild winters. Mild winters are beneficial for maritime and
central European vegetation species. Northern boreal
species such as the Norway spruce have increased stress
due to milder winters. With respect to bird and animal life,
again we might expect the impact of mild conditions to be
beneficial. However, failure to kill off pests and diseases,
and to cull the weaker members of the species, may in the
end be counter-productive.

vi) Cold spells. Freezing conditions and heavy snowfall in
winter can severely disrupt human activities in northern
and high-altitude regions. Economic sectors which are
particularly vulnerable to disruption include transport, the
construction and insurance industries. The all-cause death
rate rises when temperatures fall.

vil) Wind storm. Three very severe storms affected Europe

between 1987 and 1990: the events of October 1987,
January 25 1990 and February 26 1990. The January 1990
storm (Daria) caused insured losses of around US$5.7
billion (at 1997 prices) and 95 deaths, and in the following
month the storm of 26 February (Vivian) caused a further
$3.9 billion of insured losses and 64 deaths. Since these
events, the frequency and scale of European wind storm has
returned to more normal levels.

viii) Wind storm associated with tidal surge is a particularly

deadly combination, and is epitomized by the event of
1953. The highly unusual track of this storm and a very
steep pressure gradient caused severe northerly winds to
blow down the North Sea. This, combined with a high
spring tide, meant major coastal flooding in the
Netherlands and the East Anglian region of the UK, with
more than 2000 fatalities. Since then the policy has been
to keep the sea out at all costs, and in fact a number of
storm surges have occurred with no loss of life.

ix) River valley floods. Most recently the most severe negative

effects from weather have been from river flooding,
particularly in central and eastern Europe. In mid-1998,
flooding in Poland, Slovakia and the Czech Republic caused
52 fatalities. In July and August 1997, flooding in the same
region and extending into Germany, Austria, Hungary, the
Ukraine and Rumania caused over 100 deaths. The value of
the economic losses amounted to around USS5 billion, with
insured losses of U$$940 million. In southern Europe the
principal risk is from flash flooding following torrential rain,
and from the associated mud slides. Mud slides in the
Naples region of Italy in early May 1998 killed 150 people.

Europe in the new millenium

i) The Europe of the next millennium is, by definition,

unknowable, although in all likelihood it is likely to be very
different to the Europe of today irrespective of the impact
of climate change. However, some things are more likely to
change in the next millennium than others.

ii) Scenarios are a means of organising the more knowable

and the less knowable aspects into a series of ‘pictures’ of
the future. Scenarios can be likened to lenses through
which stakeholders can *view’ the future in a consistent and
structured manner.



iii) The purpose of scenarios is not to predict the future based
on a set of quantified probabilities. but to set our a broad
range of possibulities. The process of discussing different
scenarios may help rto inform current decisions, as
stakeholders come to better appreciate the possible long-
term impact of their activities through a process known as

‘social learning’.

iv) Four scenarios of a future Europe. namely (World Markets
(WM), Global Sustainability (GS), Provincial Enterprise (PE)
and Local Sustainability (1S)), are elaborated, reflecting four
possible visions of what may emerge in the next
millennium. The scenarios are expressed in terms of

changes to the level at which decisions are taken (more

global or more local) and the nature of societal preferences

(more conservationist or more consumerist] relative to

today.

v) The scenarios show that the basic human topography of
‘the Europe’ in which climate impacts are iikely to be
experienced in the period through to the 2080s could be
very different to the Europe of today. The very political
boundaries of a future ‘Europe’ and the precise allocation of
decision-making tasks across the levels of governance
within it, vary substantially across the scenarios. Under
some of the scenarios the EU as we know it may not even
exist at all.

vi) The scenarios make different predictions about the
stringency of future climate mitigation strategies and also
the means (e.g. voluntary agreements, eco-taxes oOr
regulations) of attaining wharever mitigation targets are

agreed upon.

vii) Some sectors of the economy and certain levels of
governance will thrive under some of the scenarios but will
be inherently more vulnerable under others, independent of
any additional pressure imposed by the gradually unfolding
impact of climate change.

viii) The adaptive strategies adopted to address the
vulnerabilities exposed by climate change are likely to difTer
across the scenarios. For example, building large networks
to move warer around Europe to address regional shortages
is more likely to take place under a world markets scenario
than under global sustainability where the accent will be on
managing demand.

ix) Finally, the manner in which society values different parts
of the human and physical environment is markedly
different under the different scenarios. This means that the
political attention given to the particular types of climate
impact will vary markedly from scenario to scenario, with
clear implications for the development of adaptation policy.
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The changing climate of Europe
i) Climare change scenarios

Climate change scenarios present coherent, systematic and
internally-consistent descriptions of changing climates. These
scenarios will typically be used as an input into climate
change vulnerability, impact or adaptation assessments, but
scenarios are used in many different ways by many different
individuals or organisations. No single set of scenarios can
satisfy all of these needs. The European ACACIA scenarios
presented in this chapter represent a synthesis of current
knowledge about future climare change in Europe as well as
providing a common scenario framework for this ACACIA
assessment. They are consistent with those adopted in the
IPCC’s lorthcoming Third Assessment Report on effects of

climate change.
1i) Observed climate change

European temperature trends. Most of Europe has experienced
increases in surface air temperature during the twentieth
century which, averaged across the continent, amounts to
abour 0.8°C in annual mean temperature. This warming has
been largest over north-western Russia and the [berian
Peninsula and stronger in winter than in summer  An
exception is Fennoscandia, which has recorded cooling in
both mean maximum and mean minimum temperature during
1910-1995 in winter, but warming in spring and summer. The
last decade in Furope {1990-99) has been the warmest in the
instrumental record, both annually and for the winter and
summer seasons. In recent decades, the warming in annual
mean temperature has occurred preferentially as a result of
night-time rather than daytime temperature increases. There
is some evidence that this reduction in the diurnal
temperature range has been associated with increased
cloudiness. Warming in surface air temperature is closely
related to warming of sea surface temperatures and the
twentieth century has seen a warming of surface waters of
several tenths of a degree Celsius around much of Europe.

Changes in growing seasons. Increases in growing season length
have also been observed in Europe, for example In western
Russia and in Fennoscandia. The evidence for longer growing
seasons in Europe is also supported by phenological dara
coilected across large parts of central Europe. These point to
increases of about 10 days in the average growing season
length since the early 1960s.

European precipitetion trends. Trends in annual precipitation
differ between northern Europe (general wetting) and
southern Europe (mainly little change or drying), reflecting a
wider hemispheric pattern of contrasting zonal-mean
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precipitation trends between high and low latitudes.
Precipitation over northern Europe has increased by between
10 and 40 per cent in the twentieth century, whereas some
parts of southern Europe have dried by up to 20 per cent.
There is large decadal-scale variability in drought frequency in
Europe, with the 1940s and early 1950s experiencing
widespread and severe droughts, a pattern repeated in 1989
and 1990.

Changes in variability. Analyses of trends in extreme weather
events in Europe have generally been limited to national
studies, making it difficult to provide a Europe-wide overview
of changes in hot/cold day frequencies, precipitation
intensities or gale frequencies. One important cause of
interannual, and perhaps interdecadal, climate variability in
Europe, particularly in winter, is the North Atlantic Oscillation
(NAQ). During the 1980s and 1990s, the NAO Index has
generally been above its long-term mean, a fact that has been
responsible for relatively mild and wet winters during this
period over much of northwest Europe.

ifi) Future climate change

Natural climate variability. European climate will vary naturally
over future decades, with or without substantial human
influence on climate. Model simulations suggest that,
regionally, natural variations in 30-year mean climate
(expressed as =2 standard deviations of the mean) could be
as large as +10 and =15 per cent for winter and summer
precipitation, respectively, and more than 1°C and up to 0.8°C
for winter and summer temperature, respectively.

Global climare scenarios. For a comprehensive assessment of
the impact and implications of climate change it 1s necessary
to apply a number of climate change scenarios that span a
reasonable range of the likely future climate change
distribution. The ACACIA scenarios are defined at a global
scale by making choices about future greenhouse gas
emissions and the climate sensitivity. —We use the four
preliminary marker emissions scenarios generated by the
IPCC Special Report on Emissions Scenarios (SRES) and
climate sensitivities ranging from 1.5° to 4.5°C. These
choices vield four global climate scenarios referred to as B1-
low, B2-mid, Al-mid and A2-high. These four climate futures
warm at a rate of between 0.1° and 0.4°C per decade.
Atmospheric CO, concentrations reach 550ppmv as early as
2050 under the A2-high scenario, but not until 2100 under the
Bl-low scenario. The ACACIA scenarios do not consider the
highly uncertain effect on future climate of changing
+ concentrations of atmospheric aerosols.
European temperature scenarios. For substantial parts of
Europe, warming under the Bi-low scenario by the 2020s
remains below the two standard deviation threshold of

modelled natural variability, and even by the 2050s summer
warming over Poland and Belarus does not exceed this
magnitude. For the other three scenarios, however, the
greenhouse gas-induced warming exceeds what might
possibly occur due to natural climare variability. For
temperature, inter-model agreement in winter is greatest
over southern Europe, whereas in summer this region shows
the greatest level of disagreement between the simulations.
The greatest warming (>5°C) occurs in the A2-high scenario
for the 2080s and in winter over central and north-castern
Europe. This Median warming, however, has an inter-model
range larger than =3°C, suggesting large differences between
models.

European precipitation scenarios. The general pattern for
precipitation change over Europe is for widespread increases
in winter precipitation and a marked contrast in summer
between northern Europe (wetting) and southern Europe
(drying). Not many of these changes for the earlier time
periods {2020s and 2050s) and for the scenarios with slower
rates of global warming (B1, B2 and A1) are greater, however,
than what might possibly occur due to natural climate
variability. In some regions the inter-model range of seasonal
precipitation changes is larger than the median change,
implying that sign differences exist between precipitation
changes simulated by different climate models.

Seasonal temperature extremes. 'Cold' winters become very
much rarer by the 2020s and disappear almost entirely by the
2080s across large areas of Europe, especially for the A2-high
scenario. 'Hot' summers, in contrast, become very much more
frequent and by the 2080s under the A2-high scenario nearly
every summer is hotter than the 1-in-10 year 'hot' summer as
defined under present climate. Even by the 2020s for a
country like Spain, 'hot' summers become four to five times
more frequent than at present.

Sea-level changes. Global warming is expected 1o result in a
worldwide rise in sea-level. Our scenarios suggest a rise in
global-mean sea-level by the 2050s of berween 13 and 68cm,
although we make no allowance for regional differences
brought about by ocean and atmosphere circulation changes.
These estimates also makes no allowance for natural vertical
land movements. Owing to tectonic adjustments following
the last glaciation, there are regional differences across
Europe in the natural rates of relative sea-level change. While
much of central and southern Eusope is slowly sinking
(typically by Scmn by the 2080s), much of northern Europe is
rising out of the ocean. Consideration of the impacts of sea-
level rise also requires some assessment of the changing
storm environment and the ways in which mean sea-level rise,
storm regimes and offshore topography may combine to alter
the return periods of high tide-levels.




iv) Uncertainties

To estimate how much confidence we have in climate change
predictions we have to examine the sources of uncertainty in
our predictions. There are different reasons why we are
uncertain about different input or outpur variables. These
reason include: missing components or errors in input data:
systemic unpredictability: unknown or erroneous model
structure or parameters; changing model structure or
parameters over time. The three main sources of uncertainty
addressed in the ACACIA scenarios are: future greenhouse
gas emissions, the climate sensitivity and the regional climate
response 1o planetary warming. [t is also acknowledged.
however, that there are low probability, non-linear feedbacks
that could produce future climate and sea-level changes that
lie outside the range of the ACACIA scenarios.

The likely effects of a changing climate in Europe
Water resources

a) Climate change is onlv one of many pressures facing water
resources and their management n Europe over the next
few years and decades.

b) Although there is variability between scenarios, there is a
general suggestion that climate change will result in an
increase in annual streamflow in northern Europe, and a
decrease in the south.

¢) In maritime and Mediterranean areas, climate change
generally results in an increasing range in flows through the
year, as incrcases in precipitation are concentrated in
winter. In areas currently receiving substantial snowfall, a
rise in temperature means an increase in the amount of
precipitation that falls as rain, and therefore a shift in the
season of peak flows from spring, after snowmelt, to
winter. This occurs across much of eastern and
mountainous Europe. In the far north and east of Europe
the rise in temperature is not sufficient to convert snow to
rain, so the timing of streamflow is relatively unaffected in
these areas.

d) Climate change is likely to lead to a general increase in the
risk of summer drought in Europe, particularly in the
south. But in many areas this may be offset by increased
precipitation and streamflow during winter (leading overall
to a reduction in drought risk if there is sufficient storage
for the extra winter runoff).

e) Climare cnange is likely to lead to an increase in flood risk
across most of Europe. In some regions - where the
snowmelt peak is replaced by a winter peak - the season of
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maximuim flood risk will change.

f) River water quality is likely to be generally adversely
affected by climate change. particularly where quality is
already under threat.

o) The impact of climate change is a function not only of the
hydrological changes, but also of the characteristics of the
water management system. They are therefore very
difficult to generalise in quantitative terms. However, it is
likely that there will be increasing uncertainty in the
reliability of warter supplies in many areas of Europe (with
implications also for power generauon), an increased risk of
water quality problems, and an increased flood threat.
Navigation on the major European waterways is also likely
to be affecred.

h) Adaptation to climate change will involve a combination of
supply-side (altering the water) and demand-side (altering
the demand for the resource or exposure to hazard)
actions. A wide range of supply-side approaches is available
to the water seclor, and some organisations in some
countries are explicitly considering the effects of climate
change in long-term resource planning. However, few
agencies are used to planning water resources in the face of
uncertainty. Demand-side approaches have the potential to
reduce vuinerability to climate change. but are currently
less widely pursued. However, there is an increasing
interest in Europe in demand-side strategies for water
management. There are differences in adaprive capacity
between the managed and unmanaged parts of the water
environment, and planning lead times vary between
sectors.

Uncertainty in the climate change scenarios is generally the
largest source of uncertainty in climate impact analysis in
the water sector, but in some sectors additional uncertainty
arises from a lack of knowledge of the scientific processes
translating climate change to hydrological effect. Also, the
impacts of change in some sectors - particularly river and
wetland environments - may be very difficult to estimate.

Soil and land resources

a) Climate change will impact directly and, through land use

change. indirectly on a wide range of soil processes and
properties that will determine the future ability of land to
fulfiil the key functions that are important for all terrestrial
ecosystems as well as many socio-economic activities
underpinning the well-being of society.

b) It is likely thar all land areas will be affected in some way by
climate change through the influence of a wide range of
different processes, and many of the soils of Europe are
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likely to suffer a loss of soil function because of this.

¢) Soil organic martter {SOM) decomposition rates vary widely
between different soil carbon pools, and between different
locations because of water and temperature effects.
However, it is likely that climate change will increase the
rate of decomposition, above the rate of return of carbop
to soils arising from increased vegetation growth
(stimulated by CO)), so that SOM levels will diminish in
many parts of Europe. This is most likely to occur in the
cooler regions of Europe, where SOM decomposition is
currently limited by temperature.

d) Evidence for the impact of climate change on soil nutrients
is conflicting. It is likely, however, that total soil nitrogen
contents will diminish under a warmer and drier climate as
a result of declining SOM contents, the stimulation of plant
growth and nitrogen uptake because of the CO, effect,
ammonia volatilisation, nitrate leaching and increased N,O

emissions.

e) There is great uncertainty surrounding the response of soil
organisms and thus, soil biodiversity, to climate change and
the porential effects of these responses at the ecosystem
level. Most soil biota have relarively large temperature
optima which suggests they are unlikely to be adversely
affected by climate change, although some evidence exists
to support changes in the balance between soil functional

types.

f) Land degradation processes, such as salinisation, peat
wastage (and associated acid sulphate conditions) and soil
erosion, are all likely to increase in the future under more
arid conditions. However, the magnitude of any change will
vary greatly between geographic locations, and will depend
strongly on changes in rainfall distributions and intensity, as
well as changes in land use.

g) Drier climartic conditions will lead to increases in the
frequency and size of crack formation in soils with high clay
contents. This will result in the more rapid movement of
water and solutes from the soil surface to substrata or
drainage installations (bypass flow) with associated
increased pollution risks, as well as leading to the damage
of building through subsidence.

h) Present policy for the protection of soil and land resources
appears to be inadequate, given the wide range of current
issues, and the likely deterioration in land quality arising
from climate change in the future. Thus, the
implementation of policy that aims to preserve the quality
of soil and land resources, both in the present and in the
future, is now timely. Such policies would need to be
regionalised, targeting specific issues within different

European locations.

Ecosystems

a) Most northern and western European ecosystems are

temperature-limited, while eastern and southern
ecosystems depend more directly on moisture availability.
warming and CO, enrichment (as well as nitrogen
deposition from atmospheric pollurion) are likely to
increase net productivity in most European ecosystems
(even where rainfall might be reduced), but significant non-
linear facrors could modify this pattern. Due to
temperature-enhanced  soil  respiration, increased
productivity does not necessarily result in higher storage of

carbon in ecosystems.

b) The distribution of potentially natural vegetation in Europe

is likely to change, leading to a northward displacement of
boreal forests, northward-expanding broad-leaved
temperate forests in eastern Europe and to a likely
expansion of frost-intolerant species from the northern
Iberian peninsula into the British isles. This redistribution
may be delayed or accelerated by topography or land use.
Changes will likely result in altered vegetation composition
in nature reserves. Semi-natural vegetation may also be
affected, depending on management.

¢) Fire disturbances are likely to become more frequent and

severe in the Mediterranean region. In other areas,
disturbance regimes (drought, fire, storms, insects) may
change in unexpected ways — the sensitivity of ecosystems
to such changes is high.

d) Plant and animal species diversity at the landscape level is

influenced by regional climate as well as by local factors
(land use, pollution etc.) ~ the expected rapid changes of
vegetation composition due to climate change are likely to
result in the loss of species in some areas.

e) The response of most animal communities depends on the

fate of specific habirats. For example, loss of subarctic
tundra and/or wetlands due to thermokarst, sea level rise or
shrub encroachment could threaten migratory bird
populations.

f) Given the uncertainties with respect to future atmospheric

CO, levels and associated regional climate scenarios, the
sensitivity of European ecosystems can only be determined
in semi-quantitative measures. Land use in Europe is changing
rapidly, mostly due to changes in agricultural intensity, and
the regional signal of possible climate change-driven
ecosystemn changes can presently not be detected against
the background of land use change and atmospheric
pollution.



Forestry

a)

The genetic variability of most common tree species is
probably large enough to allow them ro acclimatize to
expected changes in average lemperatures and
precipitation. Problems may be encountered, however, with
changes in the frequency and amplitude of extreme events

such as drought, wind and spring and summer frost.

b) In the Mediteranean region and continental Europe,

increased droughts and fires may be the major risk for
forests. In western Furope. the risk of these will also
increase. In northern Furope, increases in precipitation are
projected to be sufficiently large to compensate for
increased evapotranspiration, and there is no major risk for

forest survival.

Increase in growth has been recorded recently in Austria,

Denmark, France, Germany, Slovenia. Sweden. and
Switzerland, with possible increases also occurring in
Portugal and Spain. This is assumed to be a consequence of
observed higher temperatures and increased ambient levels
of CO,. Model computations support this assumption, but
confirmation from experiments is still limited. A grearer
dominance of deciduous tree species. even in northern

Europe, may result from this trend.

d) In northern Furope the widespread use of natural

e)

]

regeneration in forest management provides substantial
genetic potential to adapt to climate change. In other parts
of Europe, increased drought may result in uncertainties in
natural regeneration. In these conditions, the preference of
tree provenance of more southern origin and wider spacing
in plantations may be appropriate adaptations. Throughout
Europe, regular management with shorter rotation will
enhance the turnover of the current iree populations
leading to the speedier introduction of more resistant tree
species.

In northern Europe, increased precipitation, cloudiness and
rain days, and the reduced duration of snow cover and soll
frost would adversely affect forest work and timber logging
and lead to lower profitability of forest production.
increased wind damage may more frequently increase
unscheduled cuttings with increased costs and also disturb
rimber markets.

Some insect and pest populations are expected to increase
but the extent to which they may be held in check by
predators or require managemnent control is not known.
Currently non-damaging organisms may reach pest level
and invading species may become dangerous. Conditions
favouring the spread and epidemic status of pathogens are
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also poorly known. Interactions with wildlife generally and
effects on biodiversity are poorly knowil.

Agriculture

a) Several economic, cultural, political, technological and
environmental factors affect agricultural production in
Europe. Agriculture is most vulnerable to unfavourable
climatic conditions in those areas where agriculture s most
temperature-limired (northern Europe) and most moisture-
limited (parts of eastern and southern Europe). Agriculture
along the Atlantic coast is also restricted by high rainfall.
Prevailing temperature, incoming solar radiation and
rainfall are the mmain climaric factors that determine
agricultural production, either directly or through effects
on nutrient and water availability, and control of weeds,
pests and diseases.

b) Crop production systems are affecred both by climate
change and by change in CO, concentration. Warming is
expected 10 lead to a northward expansion of suitable
cropping areas and a reduction of the growing period of
determinate crops (e.e. cereals). but an increase for

indeterminate crops (e.g. root crops). Increasing
atmospheric CO, concentrations will directly enhance plant

productivity and also increase water use efficiency.

¢) Livestock systems will be affected, directly by change in
frequency of extreme weather events (i.e. animal health,
growth and reproduction), and indirectly by changes in
productivity of crop systems (e.2. pastures and forage
crops), and through requirements for housing.

d) Agriculture is particularly sensitive to climatic variability in
the most northern and southern regions of Europe, and
changes in the geographical pattern of climate is likely to
alter potential agricultural productivity. In northern areas
climate change may produce positive effects on agriculture
through introduction of new crop species and varieties,
higher crop production and expansion of suitable areas for
crop cultivation. The disadvantages may be determined by
an increase in need for plant protection, risk of nutrient
leaching and accelerated breakdown of soil organic matter.

e) In southern areas of Europe the benefits of the projected
climate change will be limited, while the disadvantages will
be predominant. The increased water use efficiency caused
by increasing CO, will compensate for some of the negative
effects of increasing water limitations. The possible
increase in water shortage and extreme weather events
may cause lower harvestable yields, higher yield variability
and a reduction in suitable areas of traditional crops. The
increase in water shortage may be caused by reduced




rainfall, higher evapotranspiration and reduced availability
of irrigation water.

Short-term adjustments to mitigate negative effects of
climate change on agriculture include changes in
agronomic practices (e.g. changes in crop varieties, dates of
planting and harvesting), changes in use of external inputs
(fertilisers, pesticides, growth regulators etc.), and
practices to conserve moisture (e.g. introduction of
conservation tillage methods and better irrigation
management).

g) Long-term adaptations to climate change include changes
in land use (to optimise or stabilise production),
development of suitable crop types {i.e. to increase
resistance to heat, water, weed, pest or disease stresses),
substitution of crops {e.g. subtropical or tropical crops in
the southern regions, maize and sunflower in the northern
regions, cereals and vegetables in the outmost northern
regions), modification of microclimate, more efficient
irrigation systems, and changes in farming systems (e.g.
mixed versus specialised arable and livestock systems).

Fisheries

a) Marine fisheries contribute between 0.01% and 1% of EU
GDP. Their importance has been steadily decreasing, with
diminishing returns as a result of chronic overfishing and
reduced employment opportunities resulting from
increased production efficiency. By contrast, recreational
fisheries and aquaculture, although relatively minor
activities, are increasing in socio-economic importance in

fresh and marine waters.

b) The younger age groups of fish are highly sensitive to
changes in water temperature, either side of an
evolutionary determined optimum. Short-term climate
variability affects both the geographical distributions of fish
and shellfish species and their productivity. The adaptability
of the fisheries sector (capture and culture) to climate
variability is currently reduced by market demand,
pressure,
production practices and a rigid policy framework.

environmental unsustainable  extraction/

¢} Changes in aquatic biodiversity and fish production are two
key impacting aspects of climate change on the future of
the European fisheries sector. The most vulnerable species
are those with juvenile stages in freshwaters - including
migratory salmonid, alewives, and sturgeon species - where
air temperature rise will lead to local extinction in
watersheds at the edges of the current ranges. Productivity
will generally be affected positively by a temperature
increase in the north of the region, bur a possible

breakdown of the thermo-haline circulation in the North

Atlantic caused by polar ice melt may dramatically cool
ocean water temperatures and lead to fisheries collapse.

d)Resource scarcity and environmental change are
threatening most European fisheries with collapse.
Assuming that sustainable management regimes can be
introduced, adaptive options need more industry
participation to emerge, as well as more coherence
between Furopean agriculture, environment, fisheries and
regional development policies.

e) Changes in fisheries diversity and productivity will affect
development opportunities of communities in coastal
areas, and around large water bodies. In the current policy
context, any decrease in productivity or changes in species
distribution are likely to increase conflicts between aquatic
TesOUrce USers.

f) Some key uncerrainties and unknowns about the response
of the fisheries sector to global climate change arise from
the prevalent production driven policy and lack of
ecosystems approach to fisheries research and
management. Policy research is urgently needed to
reconcile market forces and environmental sustainability
and foster adaptive management plans.

Insurance

a) The insurance sector is sensitive to changing patterns of
extreme weather events, particularly through their impact
on property damage. Socio-economic factors are

increasing this exposure, due to factors such as increasing

property values located in hazardous areas.

b) There are currently large differences between countries in
the application of insurance to managing natural hazards.
It is expected that practices will converge for economic
reasons. Climate change may accelerate this process.

) Major impacts could arise from coastal flooding or from
windstorm damage in northwest Europe. Locally events
can be catastrophic, but often the insurance industry does
not provide cover, for example, for standing crops or
against flood in most of Europe. Outside Europe, the sector
is exposed to extreme events, particularly to hurricane
activity in the USA.

d) It is unclear how the pattern of extreme events will change,
because GCMs cannot yet provide information at the meso-
level. [t is almost certain that climate changes will have a
negative impact due to the strongly non-linear relationship
between weather intensity and property damage.




e) It is imprabable that climate changes will threaten the
overall solvency of the European insurance industry.
However, regional insurers may be endangered, as has
happened in the USA.

f) Adaptive responses fall into four categories: 1) pricing,
which is often difficult to implement for competitive or
regulatory reasons and owing to the lack of sufficient
information about future risk; 2) risk transfer. where there
is scope to spread insurance risk into the wider financial
markets, e.g. through derivatives, but such instruments are
in their infancy: 3) limitation, which would safeguard
insurers’ interests but confer costs on other stakeholders: 4)
loss control, which has considerable potential to reduce
vulnerability for insured and uninsured exposures. The
insurance industry has significant resources which could be
utilised effectively even where risk is not transferred.
However, the response will require a great increase in co-
operation between stakeholders.

Transport, energy and other industries

a) Transport is a derived demand and is highly dependent
upon changes in other sectors of the economy.

b) The degree to which predicted levels of climate change
affects transportation is very dependent upon the extent of
other changes in the transport system, which in themselves
could be of grearer significance and importance than those

arising from climate change.

¢) Transport is particularly sensitive to many extremes of
weather, especially wind, snow and frost. some of which
(e.g. windstorms) may become more frequent as a result of
climate change.

d) There are likely to be some positive effects of climate
change for transportation, for example, a reduction in parts
of western Europe in the number of days with frost and
lying snow, which can lead to disruption and accidents,
especially on the road network.

e) Fewer severe winters would be beneficial to manufacturing
industry, reducing disruption at all stages from the supply
of raw materials through processing to the marketing of
finished goods. An increase in the frequency of hot dry
summers could disrupt some industrial processes using
large quantities of water. There may be some absaolute
Jimiting factors in some countries such as a lack of water for
power stations which can only be overcome by massive
capital investment or new technology.

fy Industry operates in a global marker place and changes in

climate outside Europe could be as important as climate
change within Europe.

g) Increasing temperatures will have a direct impact on energy
use in both domestic and industrial sectors and affect
heating and cooling requirements. Increases in space
cooling demand, and decreases in space heating demand
are to be expected. The possible impact of climate change
on energy demand is sufficiently great that this factor ought
to be taken into account when long-range energy

forecasting exercises are carried out.
Tourism and recreation

a) Tourism has a strong international dimension and is
sensitive to anv change of climate thar alters the
competitive balance of holiday destinations.

b) Tourism and recreational pursuits are voluntary activities
and subject to rapid changes of fashion. Climate is a
primary motivating factor that is taken into account,
particularly in relation to longer holidays, in deciding
location and timing.

¢) Higher temperatures are likely to stimulate tourism and
recreational activities outdoors in northern Europe with a
lengthening of the main season for outdoor recreation.

d)Winter sports centres across Europe will be increasingly at
risk from shorter seasons and less reliable snow cover.
especially those at lower altitudes.

e) Higher sea surface remperatures around European coasts
should extend the length of the sea bathing season in areas
where this acrivity already takes place and also extend
summer sea bathing to more northerly resorts.

f) The increased frequency of summer heatwave conditions in
southern Europe is likely to have an adverse effect on the
attractiveness of some Mediterranean areas as the location
for the traditional summer package holiday.

Human health

a) Climate change poses a range of risks to human population
health. Health impacts would occur via a variety of
mechanisms.

b) There is little clear evidence of changes in health outcomes
having occurred in response to observed recent warming
trends in Europe. There is a lack of formal research in this
area and most assessments rely on expert judgement. There




Effects of Climate Change in Europe
is some evidence that the distribution of tick vectors has
moved north in Sweden concomitant with observed

warming.

¢) Changes in the frequency of temperature extremes and
stagnation episodes would entail increases in thermal
stress and air pollution episodes, and their well-
documented impacts on mortality and morbidity, especially
in the elderly.

d) Less severe cold weather would reduce the excess winter
mortality, especially in northwest Europe.

¢) The increased risk of coastal and riverine flooding has
important implications for health. Floods can cause deaths,
injuries, and outbreaks of infectious disease and psycho-
social problems.

f) Some vector-borne diseases may expand their range north
within Europe (e.g. leishmaniasis, tick-borne encephalitis).
It is unlikely that ‘tropical’ diseases such as malaria or
dengue would become re-established in western Europe if
control measures are maintained — however, the risk of
localised ({autochthonous) outbreaks of malaria may
increase.

g) Increases in temperature may exacerbate the current trend
of increases in cases of food-borne illness. Mechanisms
already in place, or planned, are likely to counter the
increased tisk of diseases associated with microbiological
contamination of the water supply.

Coastal zones

a) Sea levels have risen around much of Europe combined
with subsidence and falling land levels, while storm
frequency and track have shown significant interdecadal
variability in northwestern Europe. These ongoing factors
are already important contributors to the problems of
Europe's coasts, particularly flood risk, coastal erosion and
coastal squeeze.

b) However, climate change and variability is just one of the
pressures facing coastal zones and their management over
the next few decades.

¢) The sea-level rise scenarios considered here will result in an
increase in flood risk for coastal lowlands and increased
rates of coastal erosion for cliffs and beaches. Quantitative
analysis suggests that flood risk will increase much more in
southern Europe. Increases in storminess (due to climate
variability and/or long-term changes) would also increase
storm damage and flood risk.

d) The sea-level rise scenarios considered here would also
result in the rapid degradation of saltmarsh and intertidal
ecosystems. The Baltic and Mediterranean coasts are most
vulnerable due to their low tidal range and such ecosystems
could be largely eliminated in these areas by the 2080s,
given the A2-high scenario.

e) The actual impacts of climate change will depend both on
the magnitude of climate change and the human adaptation
to that change. Many of the impacts of sea-level rise could
be avoided or managed effectively given proactive
measures today. This suggests the need to increase the
capacity to manage the coast at short, medium and long
time scales, particularly a focus on long-term coastal
planning, as well as more derailed research on the potential
impacts and adaptation measures to climate change. This
research would have to address appropriate adaptation
options given the large uncerrainties that exist concerning
future climate and most other relevant factors.

f) Losses and changes to coastal ecosystems are one problem

where adaptation measures appear more limited,
particularly in the most threatened areas. The natural
response is for onshore migration of the wetlands with
rising sea levels, but this is stopped by rigid sea defences
producing a coastal squeeze. Managed retreat or
realignment is appropriate if low-grade agricultural land is
landward of the defence, but it is more difficult when
development exists landward of the defence. This shows
that there is often a conflict between sustaining socio-
economic activity and the ecological functioning of the
coastal zone in Europe under rising sea levels which needs
to be explicitly addressed by coastal management.

Mountain regions

a) Observational evidence of past changes in mountain

regions (upward migration of plant species, glacier retreat),
particularly in the Alps, suggests that climatic changes
occurring in the latter part of the 20th century exceed the
range of recent variability.

b) Hydrological systems will be affected by shifts in

precipitation regimes, soil moisture, and changes in forest
and ecosystem distribution. The consequences will be felt
far downstream of the mountains themselves, in populated
lowland regions where water is required for industry,
agriculture, transportation and domestic purposes.

¢) Cryospheric systems are amongst the most sensitive to

warming. Glacier mass balance will be negatively influenced
by warmer temperatures, and 50 - 90 % of alpine glaciers
could disappear by the end of the 21st century. The lower



and southern limits of discontinuous permafrost will shift
upwards and northwards, respectively, followed oy
degradation and local extinction of species and habitats

which depend on ‘cold soils’.

d) The snowline rises by 100-130m for every degree of
warming. Decreasing snowpack and a shorter snow season
affects the timing and amount of runoff in river basins, and

has economic consequences in terms of winter Tourism.

e) Similarly, warming will cause an upward shift in tree-lines
and vegetation belts. There is some evidence that this
upward migration will be slower in the Alps than in the
Scandes.

f) Decreased slope stability and enhanced episodes of
rockfalls, mudslides, avalanches, etc.. will occur as a result
of the degradation of high-mountain permafrost and shifts
in precipitation patterns. This will lead to increased spatial
heterogeneity, locally higher species richness and a more
herbaceous and heliophilous flora, due to the gaps formed

by the more active slope processes.

g)increased fire hazards in a warmer. drier climate
(particularly in the Mediterranean zone), could affect
populated regions in and close to certain mountain regions
of ltaly, Spain. Turkey, Greece, and France. Vegetation in
the south-facing slapes, and particularly in lime-rich
regions, will vield to more xerophytic and oro-
mediterranean flora.

h)Species may become extinct at the tops of mountains
because of climate change and species compeution, due to
the competitive exclusion by more thermophilic species
migrating upwards. This may also take place at ecotone
boundaries for rare and geographically, aititudinally. and

environmentally-restricted species.

Climatc warming will cause high alpine fell-field vegetation
to be rapidlv colonized by mid-alpine species, whereas mid-
alpine snowbed vegetation will decrease, due to the
changed hydrology and much less snowcover (both in terms
of depth and duration).
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Introduction

Under Article 3.1 of the Kyoto Protocol. the Annex | Parties
have agreed to limit and reduce their emissions of green-
house gases between 2008 and 2012,

The Kyoto Protocol makes provision for Annex I Parties to
take into account afforestation. reforestation. and defor-
estation (ARD) and other agreed land use. land-use change.
and forestry (LULUCF) activities in meeting their commit-
ments under Article 3.

To implement the Kyoto Protocol, issues related to LULUCFE
will have to be considered. Relevant issues may include
for example:

+  Definitions. including land-use change. forests, forestry
activities. including afforestation. reforestation. and
deforestation, carbon stocks. human-induced. and direct
human-induced:

¢ Methodological issues. such as:

# Rules for accounting for carbon stock changes and
for emissions and removals of greenhouse gases
from LULUCF activities. including:

—  Which carbon pools to include:

— How to implememt “since 1990.” “direct
human-induced.” and “human-induced™

—  How to address the risks and effects of events
such as fires. pest outbreaks. and extreme
meteorological events: baselines: permanence:.
interannual and decadal climate variability:
and leakage:

—  Accuracy. precision. and uncertainties in
tracking carbon stocks and greenhouse
2ases:

Approaches. such as geo-referencing and statisti-

cal sampling. associated with identifying lands

with activities defined under Article 3.3. accepted

under Article 3.4, or associated with project-based

activities under the Kyoto Protocol. and measuring

and estimating changes in carbon stocks and green-
house gases:

> Verification procedures:

+  Determination of how and which additional activities
pursuant to Article 3.4 are included:

Y

¢« How to link the first and subsequent commitment

periods:

»  Determination of how and which project-based activi-
ties are included:

»  What improvements. if any. are needed to the Revised
1996 IPCC Guidelines for Nationa] Greenhouse Gas
Inventories and the Good Practice Guidance and
Uncertainty Management in National Greenhouse Gas
Inventories:

*  What are the implications of and what. if any. national
and/or international sustainable development criteria
could be associated with Articles 3.3 and 3.4 and pro-
Jject-based activities.

Therefore. 1o assist the Partics 10 the Protocol. this Summary
for Policymakers (SPM) provides relevant scientific and
technical information in three parts:

= Part T describes how the global carbon ¢ycle operates
and provides a context for the sections on ARD and
additional human-induced activities:

+  Part [l addresses important issues regarding definitions
and accounting rules. It identifies a range of options and
discusses implications and interrelanonships among
opuons:

»  Part I1I provides information that governments might
find useful in considering these 15sues:

= An assessment of the usefulness of models and of
the usefulness and costs of ground-based and
remotely-sensed measurements and of monitoring
techniques for assessing changes in carbon stocks:

> The near-term (first commitment period) poten-
tial for carbon stock changes/accounting of activ-
ities in Annex I countries and globally:

= Issues of special significance to project-bascd
activities:

>  An evaluation of the applicability of the Revised

1996 IPCC Guidelines for National Greenhouse

Gas Inventories for national and project-level

accounting in light of the Kyoto Protocol;

Implications of Articles 3.3 and 3.4 and projcct

activities on sustainable development (1.e.. socioe-

conomic and environmental considerations).

¥

Part 1

2,

Global Carbon Cycle Overview

The dynamics of terrestrial ecosystemns depend on interac-
lions between a number of biogeochemical cycles, particu-
larty the carbon cycle. nutrient cycles. and the hydrological
cycle. all of which may be modificd by human actions.
Terrestrial ecological systems. in which carbon is retained in
live biomass. decomposing organic matter. and soil. play an
important role in the global carbon cycle. Carbon is
exchanged naturally between these systems and the atmos-
phere through photosynthesis. respiration. decomposition.
and combustion. Human activities change carbon stocks in
these pools and exchanges between them and the atrnosphere
through land use. land-use change. and forestry. among
other activities. Substanual amounts of carbon have been
released from forest clearing at high and middle latitudes
over the last several centurics. and in the tropics during the
latter part of the 20th century. [1.1.1.2]}

There is carbon uptake into both vegetation and soils in ter-
restrial ecosystems. Current carbon stocks are much larger

' Numbers in brackets at the end of this and subsequent paragraphs
indicate relevant sections of the Special Report containing details.
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Table 1: Global carbon stocks in vegetation and soil carbon pools down to a depth of 1 m.

Area Global Carbon Stocks (Gt C) )
Biome (10° ha) Vegeration - Soil ' Total
Tropical forests 1.76 212 216 Lo 428
Temperate forests. . 1.04 59 100 - 159
Boreal forests - 1137 " 88 471 559
Tropical savanhas.. - . 225 . 66, 264 - 330 .
Temperate grasslands S 1.25 "9 295 304
Dese_l‘ts.aﬁd_sam_idésérls_ ' 4,55 "8 191 . 199
Tundra 0.95 6 121 127.
Wetlands 035 15 225 240
Croplands - - - 160 C 3 128 131
Total "15.12 466 - 2011

2 477

Note: There 15 conmderable uncertmnty in the 11u1nbers  given, becaase of amblgmty 6f definitions of biomes, but-the table still provides an overview-of the
magnitude of Carbon stocks'i i tcrrcsmal syslems

in soils than in vegetation, particularly in non-forested
ecosystems in middle and high latitudes (see
Table 1). [1.3.1]

From 1850 to 1998, approximately 270 (+ 30) Gt C has
been emitted as carbon dioxide (COj3) into the atmosphere
from fossil fuel burning and cement production. About 136
(+ 55) Gt C has been emitted as a result of land-use change,
predominantly from forest ecosystems. This has led to an
increase in the atmospheric content of carbon dioxide of
176 (+ 10) Gt C. Atmospheric concentrations increased
from about 285 to 366 ppm (i.e., by ~28%), and about 43%
of the total emissions over this time have been retained in
the atmosphere. The remainder, about 230 (+ 60) Gt C, is
estimated to have been taken up in approximately equal
amounts in the oceans and the lerrestrial ecosystems. Thus,
on balance, the terrestrial ecosystems appear to have been
a comparatively small net source of carbon dioxide during
this period. [1.2.1]

The average annual global carbon budgets for 1980-1989
and 1989—1998 are shown in Table 2. This table shows that
the rates and trends of carbon uptake in terrestrial ecosystems
are quite uncertain. However, during these two decades, ter-
restrial ecosystemns may have served as a small net sink for
carbon dioxide. This terrestrial sink seems to have occurred
in spite of net emissions into the atmosphere from land-use
change, primarily in the tropics, having been 1.7 =
0.8 Gt C yr! and 1.6 = 0.8 Gt C yr! during these two
decades, respectively. The net terrestrial carbon uptake, that
approximately balances the emissions from land-use change
in the tropics, results from land-use practices and natural
regrowth in middle and high latitudes, the indirect effects of
human activities (e.g., atmospheric CO; fertilization and
nutrient deposition), and changing climate (both natural and
anthropogenic). It is presently not possible to determine the
relative importance of these different processes, which also
vary from region to region. [1.2.1 and Figure 1-1]

10.

11.

Ecosystem models indicate that the additional terrestrial
uptake of atmospheric carbon dioxide arising from the indi-
rect effects of human activities (e.g., CO; fertilization and
nutrient deposition) on a global scale is likely to be main-
tained for a pumber of decades in forest ecosystems, but may
gradually diminish and forest ecosystems could even become
a source. One reason for this is that the capacity of ecosys-
tems for additional carbon uptake may be limited by nutri-
ents and other biophysical factors. A second reason is that the
rate of photosynthesis in some types of plants may no longer
increase as carbon dioxide concentration continues to rise,
whereas heterotrophic respiration is expected to rise with
increasing temperatures. A third reason is that ecosystem
degradation may result from climate change. These conclu-
sions consider the effect of future CO; and climate change
on the present sink only and do not take into account future
deforestation or actions to enhance the terrestrial sinks for
which no comparable analyses have been made. Because of
current uncertainties in our understanding with respect to
acclimation of the physiological processes and climatic con-
straints and feedbacks amongst the processes, projections
beyond a few decades are highly uncertain. {1.3.3)

Newly planted or regenerating forests, in the absence of
major disturbances, will continue to uptake carbon for 20 to
50 years or more after establishment, depending on species
and site conditions, though quantitative projections beyond
a few decades are uncertain. [1.3.2.2]

Emissions of methane (CHy) and nitrous oxide (N»O)
are influenced by land use, land-use change, and forestry
activities (e.g., restoration of wetlands, biomass burning, and
fertilization of forests). Hence, to assess the greenhouse gas
implications of LULUCF activities, changes in CHy and N,O
emissions and removals -— the magnitude of which is highly
uncertain — would have to be considered explicitly. There are
currently no reliable global estimates of these ernissions and
removals for LULUCF activities. [1.2.2, 1.2.3,3.3.2]
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n

Table 2: Average annual budget of CO; for 1980 to 1989 and for 1989 to 1998, expressed in G1 C yid (error limits correspond 10
an estimated 90% confidence interval).

1980 to 1989 1989 to 1998
1) Emission_s from fossil fuel combustion and cement production 35203 6.3=0.6"
2) Storage in the atmosphere 33202 3302
3) Ocean uptake 2.0=0.8 23x08
4) Netterrestrial uptake = (1) = [(2)+(3)] 02+1.0 0710
5) Emissions from land-use change 1.7+x0.8 1.6=0.80
6) Residual terrestrial uptake = (4)+(3) 1.9+1.3 23+13

@

Note that there is a one-year overiap (1989) between the two decadal time periods.

b This number is the average annual emissions for 1989-1993, for which data are available.

Part 11

Issues Associated with Definitions

. For purposes of this Special Report, in a given land area and

time period, a full carbon accounting system would consist
of a complete accounting for changes in carbon stocks across
all carbon pools. Applying full carbon accounting to all
land in each country would, in principle, yield the net carbon
exchange between terrestrial ecosystems and the atmos-
phere. However, the Kyoto Protocol specifies, among other
things, that attention focus onto those land areas subject to
“direct human-induced™ activities since 1990 (Article 3.3)
or human-induced activities (Aricle 3.4). [2.3.2.5]

3.1 Forests, Afforestation, Reforestation, and Deforestation

13.

14.

e

There are many possible definitions of a “forest™ and
approaches to the meaning of the terms “afforestation.”
“reforestation,” and “deforestation” (ARD). The choice of
definitions will determine how much and which land in
Annex I countries are included under the provisions of
Article 3.3, lands associated with activities included under
Article 3.3 (hereafter “lands under Article 3.37). The amount
of land included will have implications for the changes in
carbon stocks accounted for under Article 3.3. [2.2.2,2.2.3,
3.2,3.5.2,3.5.3]

Seven definitional scenarios were developed that combine
definitions of forest and ARD and reflect a range of
approaches that can be taken. The scenarios are not intend-
ed to be exhaustive. They can be split into two representa-
tive groups. - 7ich are discussed in the SPM: (1) sccnarios
in which only a forest/non-forest conversion (i.e., a land-use
‘nange triggers accounting under Article 3.3) (e.g.. IPCC
Definitional Scenario), and (2) scenarios in which land-
cover change or activities trigger accounting under Article
3.3 (e.g., TAO Definitional Scenario). [2.2.2, 2.2.3, 3.2,
3.5.2,3.5.3, Table 3-4]

15.

i6.

17.

18.

19.

Couniries have defined forests and other wooded lands. for
a number of national and international purposes, in terms of
(i) legal, administrative, or cultural requirements; (i) land
use: (iii) canopy cover; or (iv) carbon density (essentially
biomass density). Such definitions were not designed with
the Kvoto Protocol in mind and, thus, they may not neces-
sarily suffice for the particular needs of Articles 3.3 and

3.4.[2.2.2,32]

Forest definitions based on legal, administrative, or cultur-
al considerations have limitations for carbon accounting as
they may bear little relationship to the amount of carbon at
asite. [2.2.2, 3.2}

Most definitions of forest are based in part on 2 single
threshold of minimum canopy cover. However, such defin-
itions may allow changes in carbon stocks to remain unac-
counted under Article 3.3. For example, if a high threshold
for canopy cover (e.g., 70% canopy cover) is used in the def-
inition of a forest. then many areas of sparse forest and
woodland could be cleared or could increase in cover with-
out the losses or gains in carbon being counted under Article
3.3. If a low threshold is set (e.g., 10% canopy cover), then
densc forest could be heavily degraded and significant
amounts of carbon released. without the actions being des-
ionated as deforestation. Similarly, a forest, for example
with 15% canopy cover. could be considerably enhanced
without the actions qualifying as reforestation or afforesta-
tion under Article 3.3. Approaches to address partly these
problems may include, inter alia, using national, regional,
or biome-specific thresholds (e.g., a low canopy cover for
savannas and a high canopy cover for moist forests). [2.2.2,
3.2.3.3.21

Definitions of forests based on carbon-density thresholds
have similar issues with respect to thresholds as canopy
cover-based definitions. [2.2.2]

There are a number of approaches to definitions of afforesta-
tion. reforestation. and deforestation. One approach involves
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the concept of land-use change. Deforestation can be defined
as the conversion of forest land 1o non-forest land.
Reforestation and afforestation can be defined as the con-
version of non-forested lands to forests with the only dif-
[erence being the length of time during which the land was
without forest. [2.2.3, 3.2]

An alternative definition of deforestation might be based on
a decrease in the canopy cover or carbon density by a given
amount or crossing one of a sequence of thresholds.
Similarly, afforestation and reforestation could be defined in
terms of an increase in canopy cover or carbon density.
None of these definitions involves the concept of a land-use
change. [2.2.2, 3.2]

. Definitions of a forest based strictly on actual canopy cover

without consideration of potential canopy cover could lead
to harvesting and shifting agriculture being referred to as
deforestation and to regeneration being referred to as refor-
estation, thus creating additional areas of lands under Article
3.3. If the definition of a forest was based on the potential
canopy cover at maturity under planned land-use practices,
harvesting/regeneration activities may not fall under Article
3.3.[2.2.2,2.2.3,3.2]

Some commonly used definitions of reforestation include the
activity of regenerating trees immediately after disturbance
or harvesting where no land-use change occurs. If, for exam-
ple, the definition of deforestation or the accounting system
do not include disturbance and harvesting, then emissions
from a harvested stand will not be accounted for. In this
particular example, uptake due to regeneration would be
accounted for, resulting in potentially significant credits for
which a corresponding net removal of carbon from the
atmosphere would not occur. This issue could be considered
when developing the accounting system. [2.2.3.2]

There are several consequences of using definitions that lead
to the creation of lands under Article 3.3 by the harvest-
regeneration cycle (i.e., where harvesting is included in the
definition of deforestation, or regeneration is included in the
definition of reforestation). For example, a forest estate man-
aged on a sustainable-yield basis where an area of forest is cut
in a regular cycle (e.g., 1/50th of the forest is harvested and
regeneraled each year on a 50-year rotation cycle) may be in
approximate carbon balance. However, in this case, only
those stands harvested or regenerated since 1990 would be
considered lands under Article 3.3. The regrowth (carbon
sink) on these lands will be less than the carbon emissions due
to harvesting until all stands of the estate are lands under
Article 3.3. Different definitional and accounting approaches
-would have different accounting consequences. For example:

»  [Ifemissions from harvesting during a commitment peri-
od are counted (land-based approach I; see Table 3), then
during the first and subsequent commitment periods a
net debit could arise from a managed forest estate that
is approximately in carbon balance;

Land Use, Land-Use Change, and Forestry

» If emissions from harvesting during a commitment
period prior to regeneration are not counted (land-
based approach II; see Table 3), then during the first
and subsequent commitment periods a net credit
would generally arise from a managed forest estate
that is approximately in carbon balance. This may be
offset to some extent by delayed emissions from soils
and harvest residues;

+  Ifemissions from harvesting during a commitment peri-
od are not counted (activity-based approach; see
Table 3), then during the first and subsequent cormumit-
ment periods a net credit would arise from regeneration
in a managed forest estate that is approximately in
carbon balance. It would be practically very difficult to
separate changes in soil carbon pools associated with
harvesting and regeneration activities.

In each of these approaches the accounted stock changes

would generally be different from the actual net exchange of

carbon between this example forest estate and the atmosphere

during a commitment period. [3.2, 3.5.2]

24. Afforestation is usually defined as the establishment of for-
est on land that has been without forest for a period of time
(e.g., 20-50 years or more) and was previously under a
different land use. The precise period that distinguishes
afforested from reforested land is not important in account-
ing for lands covered under Article 3.3 provided afforestation
and reforestation are treated identically under the Protocol,
as they are in the Revised 1996 IPCC Guidelines for National
Greenhouse Gas Inventories.2 [2.2.3, 3.3.2]

. Article 3.3 encompasses ARD activities that have occurred
since 1990 but recognizes only verifiable carbon stock
changes in each commitment period. This has several impli-
cations. For example:

= For lands deforested between 1990 and the beginning
of the first commitment period only a fraction of
carbon stock changes (such as those from delayed
carbon emissions from soil and wood products if they
are accounted) will occur during the commitment
period and would be debited under Article 3.3. If these

2. The Glossary of the Revised 1996 IPCC Guidelines describes
afforestation as “Planting of new forests on lands which, historically,
have not contained forests. These newly created forests are included in
the category Changes in Forest and Other Woody Biomass Stocks in
the Land Use Change and Forestry module of the emissions inventory
calculations™ and reforestation as “Planting of forests on lands which
have, historically, previously contained forests but which have been
converted to some other use. Replanted forests are included in the
category Changes in Forest and Other Woody Biomass Slocks in the
Land Use Change and Forestry module of the emissions inventory
calculations.” Deforestation does not appear in the Glossary of the
Revised 1996 IPCC Guidelines. The Revised 1996 IPCC Guidelines
state, referring to land-use change, that “Conversion of forests is also
referred to as ‘deforestation’ and it is frequently accompanied by
burning.” The Revised 1996 IPCC Guidelines were developed before
the Kyoto Protocol was adopted and therefore provisions may not be
sufficient Lo meet the needs of the Kyoto Protocol.
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26.

27.

3.2

28.

lands are subsequently reforested then there may be an
increase in carbon stocks during the commitment
period and a credit under Article 3.3. This would mean
that the credit received would not match the actual
carbon stock changes or the net exchanges of carbon
with the atmosphere since 1990;

»  Another accounting issue could arise when land is
reforested or afforested between 1990 and 2008 but
stocks are reduced either by harvesting or natural
disturbance during a commitment period. Even though
the forest area and possibly carbon stocks may have
increased since 1990, a debit could be recorded in a
commitment period. This creates the possibility of a
negative incentive for establishing forests well in
advance of the first commitment period, because any
stock increase prior to 2008 would not be crediied but
the later loss of this stock would be debited.

Such outcomes could possibly be addressed through

different combinations of definitional and accounting

approaches. [3.3.2]

There are definitional and carbon accounting issues
concerning drawing a clear boundary between natural phe-
nomena and human-induced activities, when, for example,
significant forest losses occur as a result of fires or distur-
bances such as pest outbreaks. In cases involving lands
under Article 3.3 or 3.4 where fires or pest outbreaks occur
in a forest, a question is whether accounting should, inter
alia: (i) count neither the loss nor subsequent uptake of car-
bon (which reflects the actual net change in carbon stocks on
those lands and exchange of carbon with the atmosphere in
the long term, but creates problems in continuing to account
for the area burnt/defoliated as lands under Article 3.3 or 3.4);
(i) count both the loss and subsequent uptake of carbon
(which reflects the actual net change in carbon stocks on
those lands and exchange of carbon with the atmosphere, but
creates an initial carbon debit for the Party concerned);
(iif) count only the loss of carbon (which would overestimate
the actual losses of carbon stocks, not represent the
exchanges of carbon with the atmosphere, and create future
accounting problems); or (iv) count only the subsequent
uptake (which would fail to reflect the actual changes in car-
bon stock and would not represent the exchanges of carbon
with the atmosphere, and would provide carbon credits for
the Party concerned). [2.2.3.3]

In cases involving lands that do not fall under Articles 3.3 or
3.4, where fires or pest outbreaks trigger land-use change, the
consequences are similar to deforestation. If similar vege-
tation cover is allowed to regenerate, such disturbances may
not lead to a long-term change in carbon stocks. [2.4.4,
2.2.3,2.3.3]

Addifional Activities3

When the inclusion of additional activities under Article 3.4
is considered, it is possible to interpret “activity” broadly (e.g.,

29.

30.

31

32.
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cropland management) or narrowly (e.g., change in tillage
method, fertilization, or cover crops). Under either inter-
pretation, it is, in principle, possible to choose either a land-
based or an activity-based method of carbon accounting or
a combination of both (see Section 4). These combined
choices will affect the accuracy, feasibility, cost, trans-
parency, and verifiability of monitoring and reporting of
emissions and removals, including non-CO; greenhouse
gases, and attributing them to specific activities. [2.3.2.2,
4.3.1,4.3.2]

The term “broad activity” means an activity definition that
is land- or area-based, where the net effect of all praciices
applied within the same area are included. A broad activity
definition is likely to require land-based accounting (see
paragraph 34). This definitional approach would capture
the net emission or removal effects of practices that deplete
carbon stocks as well as those that increase removals by
sinks. Broad activity definitions, particularly in cases where
land-use change is involved, may make it difficult to sepa-
rate human-induced changes from mnaturally-induced
changes. [2.3.2, 4.3.2]

The narrow definition of “activity” is based on individual
practices, such as reduced tillage or irrigation water man-
agement. The narrow definition may lend itself to activity-
based accounting, but land-based accounting is also possible.
Under activity-based accounting, discrete definitions and
associated rates of emissions or removals are needed for
each individual practice. Narrow definitions raise the poten-
tial for multiple activities to occur on a single land area, rais-
ing accounting issues (see paragraph 33). Narrow activity
definitions may facilitate the separation of human-induced
changes from natural influences (see paragraph 45). [4.2.1,
432,434]

Carbon Accounting

A well-designed carbon accounting system would provide
transparent, consistent, comparable, complete, accurate, ver-
ifiable, and efficient recording and reporting of changes in
carbon stocks and/or changes in greenhouse gas emissions by
sources and removals by sinks from applicable land use,
land-use change, and forestry activities and projects under rel-
evant Articles of the Kyoto Protocol. Such data would be
needed to assess compliance with the commitments under the
Kyoto Protocol. Two possible accounting approaches towards
meeting these requirements are outlined below, of which
either one — or combination of the two — could be adopt-
ed (see Figure 1). [2.3.1]

A “land-based” approach to accounting would take as its
starting point the change in carbon stock in applicable car-
bon pools on lands containing activities included under

3. The technical issues addressed in paragraph 26 also apply to
additional activitics adopted under Article 3.4, but are not repeated
here for conciseness.
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Land-Based Accounting

Definition of Applicable LULUCF Activities
under the Kyoto Protocol
referring to Specific Land Areas

SR L Fitati

Changes in Carbon Stocks an
Net Greenhouse Gas Emissions per
Land Unit and Time Period

Activity-Based Accounting

Definition of Applicable LULUCF Activities
under the Kyoto Protocol

Changes in Carbon Stocks and
Net Greenhouse Gas Emissions
per Activity, Unit of Area, and Time Period

Sum over Land Units and
Commitment Period

Figure 1: Accounting approaches.

Article 3.3 or accepted under Article 3.4. This involves first
defining the applicable activities, and in the next step iden-
tifying the land units on which these activities occur. Next,
the change in carbon stocks on these land units during the rel-
evant period is determined. In the land-based approach, it
could be difficult to factor out the impact on stocks of indi-
rect effects (see paragraph 44). Non-CO, greenhouse gas
emission estimates would also need to be accounted for.
Modifications could be made regarding, for example, base-
lines, leakage. timing issues, permanence, and uncertainties.
Aggregate accounted CO, emissions and removals are the
sum ol carbon stock changes (net of any modifications)
over all applicable land units over the specified time period.
[2.3.2,3.3.2]

- An “activity-based” approach to accounting would start

with the carbon stock change in applicable carbon pools
and/or emissions/removal of greenhouse gases attributable
Lo designated LULUCEF activities. After defining the applic-
able activities, cach applicable activity's impact on carbon
stocks is determined per unit area and time unit. This impact
is multiplied by the area on which each activity occurs and
by the years it is applied or the years of the commitment peri-
od. Modifications could be made regarding, for example.
baselines, leakage, timing issues, permanence, and uncer-
tainties. Aggregate accounted emissions and removals are
calculated by summing across applicable activities.
Potentially a given area of land could be counted more than

34,

35.

Sum over Activities and
Commitment Period

once if it is subject to multiple activities. If the effects of
activities are not additive, this would result in inaccurate
accounting. In this case, the carbon stock would be especially
difficult to verify. Alternatively, the Parties could decide
that each land unit could contain no more than a single
activity. In this case, the combined impact of multiple prac-
tices applied in the same area would be considered a single
activity. [2.3.2,3.3.2,4.3.3]

The land-based approach to accounting could start either
with the statt of the activity or run {or the entire commitment
period. while the activity-based approach would start when
the activily starts or at the beginning of the cornmitment peri-
od, whichever is later. Either accounting approach could
end according to decisions that the Parties might adopt. In the
activity-based approach. stock changes prior to the start of
the activity would not be accounted, even if they occur in a
commitment period. [2.3.2]

Some activities must be persistently maintained to retain the
stored carbon stocks, and this may influence the accounting
methods required. Conservation tillage, for example, may
increase carbon stocks on cropland if carried on continu-
ously. but where it Is practiced for a time. then interrupted by
a year of intensive tillage brought on by, for example, a
weather situation or crop change, much of the previous
multi-year gain in soil carbon can be lost. Land-based esti-
mates of the cropland estate should reflect the net effect of
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38.

those gains and losses over the full area during the account-
ing period and give verifiable results, provided statistically
representative sampling procedures are in place. If activity-
based accounting occurs without sampling, it may report
results inconsistent with actual stock changes during the
accounting period. [2.3.2]

For technical reasons, only emissions and removals of CO,
can be determined directly as changes in carbon stocks.
Methane eniissions and removals cannot in practice be direct-
ly measured as carbon stock changes, although CHy and
N20 can be determined by other means. Methane and nitrous
oxide emissions from many land-use activities are included
in Annex A of the Kyoto Protocol (e.g., rice cultivation,
enteric fermentation, and agricultural soils) and in the Revised
1996 IPCC Reporting Guidelines for National Greenhouse
Gas Inventories, and therefore they will be captured in
national inventories. This is not the case, however, for emis-
sions of these gases related to forestry aclivities and projects,
which are not included in Annex A, although some of these
forestry activities are discussed in the 1996 Revised IPCC
Guidelines for National Greenhouse Gas Inventories, If the
net cmissions of CHy and N,O are not considered, the full
climate impact of forestry activities may not be reflected in
the accounting system under the Kyoto Protocol. The treat-
ment of CHy and NoO emissions under Article 3.3 may
deserve further consideration and clarification. For agreed
activities, Article 3.4 leaves open how net greenhouse gas
emissions will be accounted for in meeting the commit-
ments under Article 3.1 of the Protocol. [2.3.2, 3.3.2]

. Relevant carbon pools could include aboveground biomass,

litter and woody debris, below-ground biomass, soil car-
bon, and harvested materials. The impact on these different
carbon pools may vary significantly between activities and
types of projects. While methods exist to measure all carbon
pools, to date monitoring is not routinely performed on all
pools and the costs vary significantly. A conservative
approach that would allow for selective accounting of carbon
pools to reduce monitoring costs could be to include all
those pools anticipated to have reduced carbon stocks while
omitting selected pools anticipated, with a sufficient level of
certainty, to have unchanged or increased carbon stocks.
Similar approaches could be used for fluxes of non-CO;
greenhouse gases. Under this approach, verifiability would
mean that only increases in carbon stocks and removal by
sinks that can be monitored and estimated could potentially
be credited. [2.3.7,3.3.2,4.2.11

Accounting for LULUCEF activities under Articles 3.3 and 3.4
includes different types of uncertainties, including mea-
surement uncertainty, uncertainty in identifying lands under
Article 3.3 or 3.4, and uncertainty in defining and quantify-
ing baselines, if any. This uncertainty can be accounted for
in several ways. One approach is to extend the application of
good practice guidance in the choice of methods and han-
dling of uncertainty in estimates which has been developed
by the IPCC for other inventory categories. Another approach

39.
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could be to adjust estirnated stock changes in a conservative
way — understating increases and overstating decreases in
stocks. The latter option could allow tradcoffs between mon-
itoring costs and the potential to receive increased carbon
credits or reduced debits, but would not be consistent with
established principles for estimation of emissions and
removals in greenhouse gas inventories. [2.3.7]

Changes in carbon stocks in wood products could potentially
be accounted as part of the activity that is the source of the
wood products or as an independent wood products man-
agement activity. If management of wood producis is treat-
ed as an additional activity under Article 3.4, then it may be
necessary to exclude wood products from accounting under
other Article 3.3 or 3.4 activities to avoid double-counting.
Once wood products are in trade, they would be difficult in
most instances to trace. The current IPCC default approach
assumes that the wood product pool remains constant over
time, and therefore does not account for it. However, if this
pool is changing significantly over time, a potentially impor-
tant pool may not be accounted for. [2.4.2, 3.3.2, 4.5.6,
6.3.3]

Enhancement of carbon stocks resulting rom land use,
land-use change, and forestry activities is potentially
reversible through human activities, disturbances, or envi-
ronmental change, including climate change. This potential
reversibility is a characteristic feature of LULUCF activi-
ties in contrast to activities in other sectors. This potential
reversibility and nonpermanence of stocks may require
attention with respect to accounting, for example, by ensur-
ing that any credit for enhanced carbon stocks is balanced
by accounting for any subsequent reductions in those
carbon stocks, regardless of the cause. [2.3.6, 3.3.2]

Contiguous commitment periods under the Kyoto Protocol
would avoid incentives in subsequent periods to concen-
trate activities that reduce carbon stocks in time periods that
were not covered. [2.3.2]

Policies by governments or other institutions (e.g., land
tenure reform and tax incentives) may provide a framework.
and incentives for implementing LULUCF activities.
Changes in markets may also affect the economic conditions
for land use, land-use change, and forestry activities. The
ability to measure the impact of these conditions and incen-
tives will depend, in part, upon the carbon inventory and
monitoring system in each country. However, it may be
very difficult for countries to assess the relative impact of
policies by governments or other institutions compared 1o
other human and natural factors that drive changes in carbon
stocks. [2.3.5,5.2.2]

Natural variability, such as £l Nifio cycles, and the indirect
effects of human activity, such as CO, fertilization, nutrient
deposition, and the effects of climate change, could signif-
icantly affect carbon stocks during a commitment period
on lands under Article 3.3 or 3.4. The spatial distribution of
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44,

45.

46.

47.

the emissions and removals of greenhouse gases due to
these factors is uncertain, as is the portion of them
that may enter the accounting system. These emissions and
removals could be potentially large compared to the com-
mitments in the first commitment period. This could be a sig-
nificant issue in the design of an accounting framework.
[2.3.3]

The Kyoto Protocol specifies that accounting under Article
3.3 be restricted to “direct human-induced land-use change
and forestry activitics, limited 1o afforestation, relorestation,
and deforestation” occurring since 1990. For activities that
involve land-use changes (e.g., from grassland/ pasture to
forest) it may be very difficult, if not impossible, to distin-
guish with present scientific tools that portion of the observed
stock change that is directly human-induced from that por-
tion that is caused by indirect and natural factors. [2.3.4.
3.3.2]

For those activities where only narrowly defined manage-
ment changes under Article 3.4 are involved (e.c..
conservation tillage) and the land use remnains the same, it
may be feasible to factor out partially natural variability
and indirect effects. One approach may be to subtract the
stock changes on comparison plots where there have been
no changes in management practice from changes
measured on plots with modified management activities. In
most cases, experimental manipulation or paired plots can
be used for this purpose, but they are likely to be expensive
to apply over large areas. Ecosystem models can also be
used but nced {urther improvement to decrease uncertain-
ties. Verifiability could be assisted by the application of a
combination of modcls and measurcments. [2.3.4, 4.3 4]

Baselines could be used in some cases to distinguish between
the effects of LULUCF activities and other factors, such as
natural variability and the indirect effects of human activi-
ties, as well as to factor out the effects of business-as-usual
and aciivities undertaken prior to 1990 on carbon stock
accounts and net greenhouse gas emissions. If the concept
of a baseline was Lo be applied in national accounting for
activities under Article 3.4, therc are many options, which
include: (1) the stock/flux change that would have resulted
from “husiness-as-usual” activities; (ii) the stock/flux change
that would have resulted from the continuation of 1990
activity levels; (iii) the stock/flux change that would result
in the absence of active management; (iv) performance
benchmarks or standard management practice: and (v) the
rate of change of stocks/fluxes in 1990. The first three of
these baseline options may involve the use of a counterfac-
tual scenario. One difficulty with the use of counterfactual
baselines is verification. [2.3.4, 4.6, 4.6.3.3]

Accounting under the terms land-use change and forestry in
Article 3.7 will determine which emissions and removals of
carbon will enter the 1990 base year or period for some
countries. If the land-use change activities giving rise to
these emissions and removals are not included under

48,
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Article 3.3 or 3.4 during the commitment periods. then the
inventories of countries subject to this clause in Article 3.7
would not be calculated on the same basis as their 1990
emissions base year or period. [3.3.2]

If different accounting rules are adopted for relevant Articles
of the Kyoto Protocol, additional decision rules may be
needed to determine which accountiing rule applies to land
that. over time, is subject to multiple types of activities. For
example, one set of accounting rules could be given prima-
cy in cases where more than one set could potentially apply
and double-counting might result. [2.3.2, 3.3.2]

Leakage is changes in emissions and removals of greenhouse
gases oulside the accounting system that result from activ-
ities that cause changes within the boundary of the account-
ing system. There are four types of leakage: activity dis-
placement, demand displacement, supply displacement, and
mvestment crowding. If leakage occurs, then the accounting
system will fail to give a complete assessment of the true
aggregale changes induced by the activity. Although leakage
is in many cases a negative effect, situations, such as the
demonstration effect of new management approaches or
technology adoption, may occur where the emissions redac-
tions or removals of greenhouse gases cxtend beyond the
accounting system boundaries (positive spillover effect).
For some activities and project types, leakage may be
addressed by increasing the spatial and temporal scale of the
accounting system boundaries (i.e., by including areas where
changes in removal and emissions of greenhouse gases may
be induced). However, leakage may extend beyond any
activity accounting boundaries (e.g., beyond national bound-
aries). Leakage is of particular concern in project-level
accounting, but may also occur with activilies under Artticles
33and34.(2.35.2,5.3.3]

Part 111

Methods for Measuring and Monitoring

50. Lands under Articles 3.3 and 3.4 could be 1dentified, moni-

St

tored, and reported using geographical and statistical
information. Changes in carbon stocks and net greenhouse
gas emissions over time can be estimated using some
combination of direct measurements, activity data, and
models based on accepted principles of statistical analysis.
forest inventory. remote-sensing techniques, flux measure-
ments. soil sampling, and ecological surveys. These
methods vary in accuracy. precision. verifiability, cost, and
scale of application. The cost of measuring changes in
carbon stocks and net greenhouse gas emissions for a given
area increases as both desired precision and landscape
heterogeneity increase. [2.4, 3.4]

The spatial resolution of monitoring has important impli-
cations for accuracy and costs. If a small minimum
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resolvable land area is used, the task and cost of monitor-
ing can become very demanding. If the spatial resolution is
set at a coarse scale, the data demands can be modest, but
significant areas subject to an activity may be lost in the
averaging process. For example, if forests and deforesta-
tion are defined in terms of canopy cover and canopy cover
is assessed over land areas of 100 ha, then deforestation of
smaller areas within a unit may not take the canopy cover
of the unit below the forest definition threshold. Thus,
changes in carbon stocks may not be accounted and, like-
wise, afforestation or reforestation of small arecas may not
be accounted. Hence, there are clear tradeoffs between an
accurate and precise assessment of changes in carbon
stocks and cost. However, an appropriate design should
result in a statistically reliable estimate. [2.2.2]

The technical capacity required by Annex I Parties o mea-
sure, monitor, and verify carbon stock changes and net
greenhouse gas emissions under the Kyoto Protocol will be
significantly affected by decisions of the Parties regarding
definitions of key terms related to land use, land-use change,
and forestry activities. It will also depend on decisions on,
inter alia, additional activities that may be included under
Article 3.4, and whether additional activities are defined
broadly or narrowly. Depending upon decisions that may be
made, establishing a monitoring, reporting, and verification
system under Articles 3.3 and 3.4 is likely to involve a sig-
nificant effort by Annex I Parties, given the technology,
data, and resources required, and the short time available.
[24.1,34,432,43.5]

Annex I Parties generally have the basic technical capacity
(soil and forest inventories, land-use surveys, and informa-
tion based on remote-sensing and other methods) to measure
carbon stocks and net greenhouse gas emissions in terrestrial
ecosystems. However, few, if any, countries perform all of
these measurements routinely, particularly soil inventories.
Some Annex I Parties may use existing capacity with mini-
mal modification to implement the various Articles in the
Kyoto Protocol; however, some other Annex I Parties may
need to improve significantly their existing measurement sys-
tems in order to develop operational systems. Non-Annex I
Parties may require technical, institutional, and financial
assistance and capacity building for measuring, monitor-
ing, and verifying carbon stock changes as well as for
estimating net greenhouse gas emissions. [2.4.6,3.4.3,4.2]

Technical methods for measuring and estimating changes in
forest carbon stocks in aboveground biomass over a five-year
commitment périod may be deemed to be sensitive enough
to serve the requirements of the Protocol. Sensitive methods
for estimating below-ground carbon stocks also exist.
However, changes in soil carbon stocks are in some instances
small and difficult to assess accurately over a five-year time
period. This problem may be addressed by adopting appro-
priate sampling techniques supported by modeling that take
into account spatial variability. Methods that fusther improve
estimaies of soil and vegetation carbon stock will depend on
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future rescarch and model development and are likely to be
highly transferable between Parties. [2.4.2, 2.4.3, 4.2.2,
54.1]

Estimates of Average Annual Carbon Stock
Changes/Accounted for ARD Activities and Some
Additional Activities

Afforestation, Reforestation, and Deforestation

Different definitions and accounting approaches under
Article 3.3 of the Kyoto Protocol produce different esti-
mates of changes in carbon stocks. There are seven
Definitional Scenarios described in Chapter 3 of the under-
lying report. Table 3 illustrates, with data and methods avail-
able at the time of the Special Report, the estimated carbon
stock changes accounted from ARD activities under the
TPCC and FAO Definitional Scenatios, assuming recent
area conversion rates remain constant and excluding carbon
in soils and wood products. Three different carbon account-
ing approaches have been applied to the FAO Definitional
Scenario to illustrate the effect of different accounting
approaches. [3.5.3, 3.5.4, Table 3-4, Table 3-17]

The IPCC Definitional Scenario yields estimates of average
annual accounted carbon stock changes from afforestation
and reforestation in Annex I Parties from 2008 to 2012 of 7
to 46 Mt C yr-L. This would be offset by annual changes in
carbon stocks from deforestation of about —90 Mt C yrL,
producing a net stock change of -83 to —44 Mt C yr-L, If
hypothetically, for example, afforestation and reforestation
rates were to be increased in Annex I Parties by 20%* for the
years 2000 to 2012, estimated annual changes in carbon
stocks would increase (from 7 to 46 Mt Cyr-1) (o 7 to
49 M1 C yr-1. If hypothetically, for example, deforestation
rates were to be decreased by 20%, estimated annual losses
of carbon stocks due to deforestation would reduce (from
QOMLCyrHio-72 Mi Cyr!. [3.54]

. The three accounting approaches under the FAO Definitional

Scenario yield different results. Estimated average annual
carbon stock changes in Annex I Parties from afforestation
and reforestation are =759 to -243 Mt C yr-! under the FAO
land-based I approach; 190 o 295 Mi C yr-! under the FAO
land-based T approach; and 87 to 573 Mt C yr-! under the
FAQ activity-based approach. Estimated average annual
carbon stock changes from deforestation are about
—90 Mt C yr! in all three approaches, as in the IPCC
Definitional Scenario. [3.5.4]

For comparison, the IPCC Definitional Scenario yields
estimates of average annual accounted carbon stock
changes from afforestation and reforestation globally from
2008 to 2012 of 197 to 584 Mt C yr-. This would be offsct

4 The 20% is an arbitrary value chosen to show the sensitivity of the
estimates to changes in practices.
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by annual changes in carbon stocks from deforestation of
about —1 788 Mt C yr-!. producing a net stock change of
-1591 10 —1204 Mt C yr\. If, hypothetically, for
example, afforestation and reforestation rates were Lo be
increased globally by 20% for the years 2000 to 2012. esti-
mated annual changes in carbon stocks would increase
(from 197 to 584 Mt C yr1) to 208 to 629 Mt C yrL
[3.54]

In the IPCC Definitional Scenario and FAO Definitional
Scenario with land-based I accounting approach, the
accounted carbon stock changes are broadly consistent with
the 2008-2012 actual changes in carbon stocks from land
under Article 3.3. The IPCC and FAO Definitional Scenarios
bring different amounts of land under Article 3.3, hence the
estimated carbon stock changes in Table 3 differ.

In the FAO Definitional Scenario with land-based II and
activity-based accounting approaches, the accounted carbon
stock change is not consistent with the 2008-2012 actual
changes in carbon stocks on land under Asticle 3.3, except
in the case of short rotation cycles.

In neither of the two Definitional Scenarios is the account-
ed carbon stock change consistent with the 2008-2012 actu-
al carbon stock changes, nor with the net exchanges with the
atmosphere, at the national and global levels in part because
the land under Asticle 3.3 is small in comparison with the
national and global forest area. [3.3.2, 3.5.4]

Additional Activities

The magnitude of the stock changes from additional activ-
ities that might be included under Article 3.4 rests, inter
alia, on any decisions that remain to be made in the process
of implementing the Kyoto Protocol. A consideration of
carbon stocks changes and net emissions of greenhouse gas
emissions associated with additional activities ol managed
lands entails synthesizing available technical and scientific
data, outlining the outcomes of one policy scenario, and
assessing the aggregate impact of policies and other factors.
The scientific literature to support such an analysis is cur-
rently quite limited. [4.3]

One such scenario is presented in Table 4, to illustrate in a
gencral sensc the potential scope for carbon stock increas-
es through some broadly defined activities. It provides data
and information on carbon stock changes for some candidate
activities under Article 3.4 for the year 2010. This scenario
relies on three components relating to the candidate activi-
ties: (1) an estimate of current relevant land areas (column
2); (2) an a: .med percentage of those lands on which an
activity would be applied in 2010 (column 3); and (3) a
research-derived estimate of the annual rate of carbon siock
increase per hectare (column 4). The uptake rate is multiplied
by the applicable land area to approximately calculate the
change in carbon stock in the year 2010 (column 5).
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Table 4. rather than providing precise projections, reports
calenlated stock changes assuming an ambitious policy agen-
da that promotes the application of activities to a significant-
ly greater share of the relevant land base than would have oth-
erwise occurred. The assumed percentage of lands on which
the activity is applied is derived from considered profession-
al judgment based on existing lterature of what arange of sus-
tained and effective initiatives, which vary across couniries,
could achieve. The share of land on which the activity is
actually applied in 2010 depends to a great exient on the
accounting system under Article 3.4. the evolving economic
and social aspects of the activity, and landowner response to
incentives, among other factors. Thus, the total annual stock
changes in Table 4 (column 5) are likely to be on the high side.

Table 4 estimates do not necessarily represent credits under
Article 3.4 of the Kyoto Protocol, even if such levels of
stock change are achieved, because the Protocol may include
approaches that limit the applicability of these calculations.

Table 4 illustrates the estimated carbon stock changes from
example additional activities within Annex I and globally,
agsurning roughly similar levels of policy support. For exam-
ple. Table 4 suggests that although conversion of cropland
to grassland can provide a relatively large carbon stock
increase per hectare converted, forest management improve-
ments, which can be applied over a larger land base. may
provide relatively larger total annual increases. Very differ-
ent estimates in changes of emissions and removals associ-
ated with options for additional land use, land-use change,
and forestry activities would result from different definitions
of additional activities that might be agreed under Article 3.4,
different accounting approaches, and different decisions
that might be taken on implementation rules for Article 3.4.

There is potential for carbon uptake into biomass, which may
be stored over a time period of decades in wood products.
Furthermore, biomass used for energy purposes, based on
waste by-products of wood/crops or from trees/crops grown
expressly for this purpose, has the potential to lead to a
reduction in net greenhouse gas emissions by substituting for
fossi] fuels. [1.4.3, 1.4.4]

Table 4 does not account for the possibly significant non-
CO, greenhouse gas emissions and removals that could be
influenced by the candidate activities. For example, the
rates do not reflect net emissions of CHy or NoO from agri-
cultural practices or wetlands/permafrost management. The
table also does not include the carbon stock impact of the use
of biofuels and the changing wood product pools, and con-
sideration of forest management does not include avoided
deforestation, which is dealt with in Table 3.

Project-Based Activities

A LULUCEF project can be defined as a planned set of
activities aimed at reducing greenhouse gas emissions or
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Table 4: Relative potential in 2010 for net change in carbon stocks through some improved management and changed land-use
activities.“

- (3) Assumed '(4) Net Annual (5) Estimated
7 ‘Percentage of Total  Rate of Change Net Change
(2)Total “Areaof Column2 in-CarbonStocks in Carbon Stocks
" Area® . - under Activity per Hectare® “"in 2010

(1) Activity (Mha) " in2010 (%) (tChatyrl)- Mt C yr-1)

A. Alméx[ Count’riés e - '
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£
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beyond the mtem. of the authori The rates given- are-averagerates that, aré assurned td remiain constant to 2010.

o
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enhancing carbon stocks that is confined to one or more
geographic locations in the same country and specified
time period and institutional frameworks such as to allow
net greenhouse gas emissions or enhancing carbon stocks
to be monitored and verified. Experience is being gained in
Activities Implemented Jointly (AIJ) and other LULUCF
projects that are under initial stages of implementation in at
least 19 countries.

Assessment of the experience of these projects is constrained
by the small number, the limited range of project types, the
uneven geographic distribution, the short period of field
operations to date, and the absence of an internationally
agreed set of guidelines and methods to establish baselines

71.
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and quantify emissions and uptake. Generally, these projects
do not report all greenhouse gas emissions or estimate leak-
age, and few have independent review.

However, through the experience of LULUCF projects
aimed to mitigate climate change, it is possible in some
cases to develop approaches to address some of the critical
issues (see Table 5).

There are 10 projects aimed at decreasing emissions through
avoiding deforestation and improving forest management,
and 11 projects aimed at increasing the uptake of carbon —
mostly forest projects in tropical countries (see Table 5).
[5.2.2]
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Table 5: Carbon uptake/estimated emissions avoided from carbon stocks, assuming no leakage ouside the project boundaries, by
selected AL Pilot Phase and other LULUCF projects, in some level of /mplemenlatzon abods

Estimated
Emissions
Estimated Accumulated Avoided from
Accumulated Carbon Uptake Estimated Carbon Stocks
Carbon per Spatial Unit Emissions per Spatial Unit
TUptake over during the Avoided over the during the
Project Lifetime Proiect Lifetime Project Lifetime  Project Llfet]me
Land (ML C) (t C ha~1 (Mt C) (tCha}
Area
Project Type (nmumber of projects) (Mha) assuming no leakage outside the project boundaries
Forest Protection (7)f 2.8 41-48 4-252
Improved Forest Management (3) 0.06 ) - AR 3.3 4] 10’j
Reforestation and Afforestation (7) 0.1 10-10.4 26-328 o .
Agroforestry (2) 0.2 10.5-10.8 26-56
Multi-Component and 0.33 9.7 0.2-129

Community Forest (2)

o

a

- o

Projects included ace those for which we have sufficient data. Seil carbon management. bjoenergy, and other projects are not included for this reason.
“Some Ievel of implementaton” — Included projects have heen partially funded and have begun aclivities on the around that will generate increases in car-

bon stocks and reductions in greenhouse £as cmissions.

“Other LULUCF projects” — Refers to selecied non-AIT projects and projects within Anaex I countries.
Estlmated changes in carbon stocks generally have been reported by project developers, do not use standardized methods, and may not be comparable; only

some have been independently reviewed.
Non-CO, greenhouse gas ernissions have not been reported.

Protecting an existing forest does nol necessarily ensurc a long-term contribulion to the mitigation of the greenhouse effect because of the potential fo1 leak-
age and reversibility through human activities, disturbances, or environmenta) change. Table 5 does not provide an assessment in relation to thcsc issues.
Sound project design and management, accounting, and monitoring would be required to address these issues.

T4.
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. Methods of financial analysis among these projects have not

been comparable. Moreover the cost calculations do not
cover, 1n most instances, inter alia, costs for infrastructure,
monitoring, data colleciion and interpretation costs, oppor-
tunity costs of land and maintenance, or other recurring
costs, which are often excluded or overlooked. Recognizing
the different methods used, the undiscounted cost and invest-
ment estimates range from US$ 0.1-28 per ton of carbon,
simply dividing project cost by their total reported accu-
mulated carbon uptake or estimated emissions avoided,
assuming no leakage outside the project boundaries. [5.2.3]

Project-level financial analysis methods are widely used
and fairly standardized in development assisiance and private
investment projects. But they have yet to be consistently
applied to, and reported for, LULUCEF projects aiming at mit-
igating climate change. Guidelines for developing methods
of financial analysis may be needed in the future, [5.2.3]

LULUCEF projects aiming to mitigate climate change may
providc socioeconomic and environmental bencfits primar-
ily within project boundaries, although they may also pose
risks of negative impacts. Experience from most of the pilot
projects to date indicates that involvement of local stake-
holders in the design and management of project activities
is often critical. Other factors affecting the capacity of pro-
jects to increase carbon uptake and avoid greenhouse gas

76.
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emissions and to have other benefits include consistency with
national and/or international sustainable development goals,
and institutional and technical capacity to develop and imple-
ment project guidelines and safeguards. [2.5.2, 5.6)

The accounting of changes in carbon stocks and net green-
house gas emissions involve a determination that project
activities lead to changes in carbon stocks and net greenhouse
gas emissions that are additional to a without-project base

line. Currently there is no standard method for determining
baselines and additionality. Approaches include determining
project-specific baselines or generic benchmarks. Most AIJ
projects have used a project-specific approach that has an
advantage of using better knowledge of local conditions
yielding more accurate prediction. A disadvantage is that pro-
ject developers may choose scenarios that maxirmize their
projected benefits. Baselines may be fixed throughout the
duration of a project or periodically adjusted. Baseline
adjustrnents would ensure more realistic estimates of changes
in carbon uptake or greenhouse gas emnissions but would cre-
ate unceriainties for project developers. [5.3.2, Table 5-4]

Projects that reduce access to land, food. fiber, fuel, and
timber resources without offering alternatives may result in
carbon leakage as people find needed supplies elsewhere.
A few pilot projects have been designed with the aim of
reducing leakage by explicitly incorporating components
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that supply the resource needs of local communities (e.g.,
establishing fuelwood plantations to reduce pressures on
other forests), and that provide socioeconomic benefits that
create incentives to maintain the project. Due to leakage,
the overall consideration of the climate change mitigation
effects of a project may require assessments beyond
the project boundary, as addressed in paragraph 49. [2.3,
5.3.3]

Project accounting and monitoring methods could be
matched with project conditions to address leakage issues. If
leakage is likely to be small, then the monitoring area can be
set roughly equal to the project area. Conversely, where
leakage is likely to be significant the monitoring area could
be expanded beyond the project area, although this would be
more difficult when the leakage occurs across national
boundaries. Two possible approaches could then be used to
estimate leakage. One would be to monitor key indicators of
leakage, and the second would be to use standard risk coef-
ficients developed for project type and region. In either
case, leakage could be quantified and subsequently changes
in carbon stock and greenhouse gas emissions attributed to
the project could be reestimated. The effectiveness of these
two approaches is untested. [5.3.3]

LULUCEF projects raise a particular issue with respect to
permanence (see paragraph 40). Different approaches have
been proposed to address the duration of projects in rela-
tion to their ability to increase carbon stocks and decrease
greenhouse gas emissions, inter alia: (i) They should be
maintained in perpetuity because their “reversal” at any
point in time could invalidate a project; and (i1) they should
be maintained until they counteract the effect of an equiv-
alent amount of greenhouse gases emitted to the
atmosphere. [5.3.4]

Several approaches could be used to estimate the changes in
carbon stocks and greenhouse gas emissions of LULUCF
projects: (i) estimating carbon stocks and greenhouse gas
emissions at a given point in time; (ii) estimating the aver-
age changes of carbon stocks or greenhouse gas emissions
over time in a project area; or (iii) allowing for only a part of
the total changes in carbon stocks or greenhouse gas emis-
sions for each year that the project is maintained (e.g., tonne-
vear method). The year-to-year distribution of changes in car-
bon stocks and greenhouse gas emissions over the project
duration varies according to the accounting method used.
[5.4.2, Table 5-9]

LULUCEF projects are subject to a variety of risks because
of their exposure to natural and anthropogenic factors.

- Some of these risks particularly pertain to land-use activi-

ties (e.g., fires, extreme meteorological events, and pests
for forests), while others are applicable to greenhouse gas
mitigation projects in both LULUCF and energy sectors
such as political and economic risks. Risk reduction could
be addressed through a variety of approaches internal to the
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project, such as introduction of good practice management
systems, diversification of project activities and funding
sources, self-insurance reserves, involvement of local
stakeholders, external auditing, and verification. External
approaches for risk reduction include standard insurance
services, regional carbon pools, and portfolio diversifica-
tion. [5.3.5]

Techniques and tools exist to measure carbon stocks in pro-
Jject areas relatively precisely depending on the carbon pool.
However, the same level of precision for the climate change
mitigation effects of the project may not be achievable
because of difficulties in establishing baselines and due to
leakage. Currently, there are no guidelines as to the level of
precision to which pools should be measured and moni-
tored. Precision and cost of measuring and monitoring are
related. Preliminary limited data on measured and moni-
tored relevant aboveground and below-ground carbon pools
to precision levels of about 10% of the mean at a cost of about
USS$ 1-5 per bectare and US$ 0.10-0.50 per ton of carbon
have been reported. Qualified independent third-party ver-
ification could play an essential role in ensuring unbiased
monitoring. [5.4.1, 5.4.4]

Reporting Guidelines for the
Relevant Articles of the Kyoto Protocol

Under Article 5.2 of the Kyoto Protocol, the Revised 1996
Guidelines for National Greenhouse Gas Inventories provide
the basis for the accounting and reporting of anthropogenic
emissions by sources and removals by sinks of all greenthouse
gases not controlled by the Montreal Protoccl. These
Guidelines were developed to estimate and report national
greenhouse gas inventories under the United Nations
Framework Convention on Climate Change (UNFCCC),
not for the particular needs of the Kyoto Protocol. However,
the Guidelines do provide a framework for addressing the
accounting and reporting needs of the Kyoto Protocol.
Elaboration of the Land-Use Change and Forestry Sector of
the Guidelines may be needed, reflecting possible decisions
by the Parties for accounting and reporting LULUCF under
the Kyoto Protocol, taking into account, infer alia:

*  Any decisions made by Parties on ARD under Article
3.3 and on additional activities under Article 3.4; [6.3.1,
6.3.2]

*  The need to ensure transparency, completeness, con-
sistency, comparability, accuracy, and verifiability;
[6.2.2, 6.2.3, 6.4.1]

*  Consistent treatment of Land-Use Change and Forestry
as other Sectors, with respect to uncertainty management
and other aspects of good practice; [6.4.1]

*  Any decisions adopted by Parties to address other
accounting issues (e.g., permanence, the meaning of
“human induced” and “direct human induced,” wood
products, and project based activities). [6.4.1]
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Potential for Sustainable Development

Consideration would need to be given to synergies and
tradeoffs related to LULUCF activities under the UNFCCC
and its Kyoto Protocol in the context of sustainable devel-
opment including & broad range of environmental. social, and
economic impacts, such as: (i) biodiversity; (ii) the quanti-
ty and quality of forests, grazing lands. soils. fisheries. and
water resources: (iii) the ability to provide food, fiber, fuel,
and shelter; and (iv) employment. human health. poverty, and
equity. [2.5.1.3.6]

. Hor example, converting non-forest land to forest will typ-

ically increase the diversity of flora and fauna, except in sit-
uations where biologically diverse non-forest ecosystems,
such as native grasslands, are replaced by forests consisting
of single or a few species. Afforestation can also have high-
ly varied impacts on groundwater supplies, river flows, and
walter quality. [3.6.1]

A system of criteria and indicators could be used to assess
and compare sustainable development impacts across
LULUCF aliernatives. While there are no agreed
upon set of criteria and indicators. several sets are being
developed for closely related purposes. for example assess-
ment of contributions to sustainable development by the
United Nations Commission on Sustainable Development.
[2.5.2]

For aclivities within countries or projects between coun-
tries, if sustainable development criteria vary significantly
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across countries or regions, there may be incentives fo
locate activities and projects in areas with less stringent
environmental or socioeconomic criteria. [2.5.2]

Several sustainable development principles are incorporat-
ed in other multilateral environmental agreements. includ-
ing the United Nations Convention on Biological Diversity,
the United Nations Convention to Combat Desertification,
and the Ramsar Convention on Wetlands. Consideration
may be given to the development of synergies between
LULUCEF activities and projects that contribute to the mit-
igation or adaptation to climate change with the goals and the
objectives of these and other relevant multilateral environ-
mental agreements. [2.5.2]

Some of the more formal approaches to sustainable devel-
opment assessment that could be applicd at the project level
are, for example, environmental and socioeconomic impact
assessments. These methods have been applied across a
wide range of countries and site-specific activities to date and
could be modified to be applicable to LULUCF projects.
[2.5.2.2]

Some critical factors affecting the sustainable development
contributions of LULUCF activities and projects to mitigatc
and adapt to climate change include: instjtutional and tech-
nical capacity to develop and implement guidelines and
procedures; extent and effectiveness of local community
participation in development. implementation, and distrib-
ution of benefits; and transfer and adoption of technology.
15.5,5.6}
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Innovation and Sustainable

Development

Sustainable development cannot be addressed in isolation from
considerations of social and economic well being. Technology enables
change but cannot be the sole driver of innovation.

Firms have used technology as an engine of
progress since at least the time of the
Industrial Revolution, which gave us
remarkable ways to marshal the physical
world for human benefit. While innovation -
the successful implementation of new
developiments and ideas - depends upon
much more than technological advance,
technology has consistently provided the
opportunities from which we have been able
to make and sell better goods and services and
to do so more cleanly and more safely.

Many of today’s social and economic
developments are a result of technical
discoveries and developments in fields such
as communications, information processing,
health sciences and energy supply. These
promise smarter, more tailored solutions to
the tasks we wish to accomplish. Rather than
being monolithic in approach, the tools are
used by dynamic and responsive networks of
small and large, public and private
organizations, working together and in
comipetition in ways that were never before
possible.

The changes are tremmendous and the
opportunities profound. But technology can
only be part of achieving a more sustainable
development and its contribution is not
always as positive as we might wish,
Furthermore, other factors that drive and
support progress are themselves changing.
The well-defined social categories for which
post-war Western institutions were designed
no longer fit well with people’s aspirations
and values. Richer countries are experiencing

a shift towards an increasingly
multidimensional and diverse “Mosaic
Society”, with uncertain needs but very real
concerns about many subjects including
science and technology.

At the same time, despite there being greater
affluence than at any time in history, most of
the world’s population remains poor yet very
much aware of its relative poverty. I'or these
people, the economic and social benefits of
globalization and global markets are
increasingly being questioned.

Other writers have offered cogent, visionary
ideas of the improved sustainability that can
be obtained by marshaling recent
developments (see {or example Lovins,
Natural Capitalism). Our focus in this project
has been on how firms can organize
themselves to realize these opportunities in
ways that benefit and are acceptable to
society and also create value.

The approach we suggest is based on
understanding how the concepts of corporate
social responsibility and eco-efficiency have
been implemented and extending these
concepts to cover the management of
innovation.,

Leading companies have built their
approaches to sustainable development upon
principles such as those in box 1. For existing
business operations undergoing normal
business development, these are mutually
reinforcing principles. They provide a
positive and effective framework that firms
can use in mitigating environmental impact

building a better future



Box 1: Corporate responses to eco-efficiency and corporate social

T ST AR R o

responsibility involve:

Ensuring the corporation understands what society expects of it, in
return expressing clearly what the firm itself stands for, then reinforcing
these values to streich the organization and create a spirit of continuous
improvement. (Attitude)

Developing the tools and approaches to improve performance across
the social, environmental and economic pillars of sustainable
development and incorporating these tools within routine business
processes. (Build the capacity to act)

Setting focused targets and putting in place the means to measure
performance and confirm that the targets are being achieved. (Check

progress)

and allaying public distrust (see
Schmidheiny, Changing Course; Fussler, Eco-
Innovation; WBCSD, Corporate Social
Responsibility).

The stock market returns achieved by
companies included in the recently launched
Dow jones Sustainability Index suggest that
investors are recognizing the management
qualities that make this possible.

‘Whereas twenty years ago, most corpanies
based their performance standards on
regulatory requirements, today many choose
to go beyond regulation because they see
commercial benefit in doing so. Established
practice in areas such as safety and quality
management has demonstrated that
uncompromising principles are perfectly
compatible with the spirit of continual
improvement.

Stakeholder dialog has helped firms learn
more about others’ points of view and then
use this understanding to set better priorities
and move away from confrontational
approaches. In extending systems of financial
control and audit to cover environmental
impact, they have recognized the need to
gain early “buy in” by ensuring relevance to
the specific priorities of individual business
units. Technology is playing a central role in
moving forward and engineers generally

S
ARSI

seem to relish the opportunity to find more
eco-efficient solutions once the parameters
for improvement have been established.

Good Enough or Could Do Better?

This is intended to be a thetorical question.
During the last decade, the arguments and
counter-arguments about rates of
improvement have been well rehearsed.
Economic focus leads to “short-termism”.
Regulatory frameworks offer too much (or too
little) “command and contirol”, so we are not
properly pricing public goods, environmental
services and social well being. New
approaches are uneconomic in the face of
established manufacturing capacity.

Undesired impacts are associated with large,
interdependent infrastructures (for example,
the car, its fuel and the city), so require more
systemic approaches that can transcend
traditional business and political boundaries
and avoid stranded assets. Technical progress
is slower than expected, gets sidetracked
through lack of customer pressure or creates
“rebound effects” by stimulating new
demand that consumes the immprovements
that have been achieved.

These concerns are valid but (with effort and
a fair dose of humility) there are ways to
overcome them. In some cases, effective
solutions are already available; in others, we
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may need to change the market’s rules of the
game. For example, it seems likely that
economic instruments such as tradable
carbon emissions permits will improve the
market’s effectivencss in dealing with climate
change. Demonstrating that these
instruments do work well requires agreement
on rules and modalities and the willingness
to take action and learn from our mistakes.

In other words, sustainable innovation
involves tisk but it also requires structure.
While much can be achieved by “continuing
to do better”, it will be far more challenging
and rewarding to leain to provide
mechanisms that will:

» Bring design, smart technologies and the
“new economy” together to drive growth
in ways that reflects changing concerns
and values of a connected world

e Support faster and more sustainable
development in the developing nations

We believe that success with these tasks can
turn sustainable development into an
approach that is intrinsically value creating.
But we also believe that some established
ways of doing business and the assirance
processes that accompany them will need
improving in order to achieve this.

For example, sound science is a lynch pin of
corporate approaches to technology risk
management. Even though no one questions
the need for high safety standards, too much
recourse to scientific evidence and argument
can come across as complacent and
paternalistic. The public’s sense of the role of
technology has changed and its awareness of
past mistakes has grown. Today we need to
find better ways to show that firms (and
governments) are keeping their scientific
houses in order.

A paradox is that the success of today’s
activists owes much to their mastery of
communication technologies in getting their
messages heard, Governments, inter-
governmental bodies and corporations now

find themselves to be hopelessly cumbersome

in the face of resolute single-purpose

advocacy. Stakeholder dialog offers a way
forward but requires that we learn how to
achieve open discussion when the risks seem
large and the benefits unclear.

With this background, subsequent chapters
describe the work as follows:

¢ Thinking about innovation and its
connection to sustainable development
and changing social attitudes and values.

e Lessons to be learned from how
corporations committed to sustainable
development are already managing these
questions.

e International equity, technology
cooperation and how companies can use
their creative and technical capacities and
global outreach to foster more sustainable
economic growth within developing
nations.

e A management framework for innovation
to help companies guide staff through
these questions.

The main conclusions in each chapter are
used to construct checklists that can be
adapted to assess fizms’ own approaches to
sustainable innovation.
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Thinking about Innovation and

Technology

To achieve greater sustainability, we will need both the experimental
spirit of Jazz and the effective governance that GEOPolity can provide.
Consumers expect companies to go beyond minimum requirements and be

main actors in realizing these conditions.

In preparing for an uncertain future, we need
a sense of what might develop while avoiding
placing expensive bets on particalar
outcomes. Scenario planning offers one way
to extend our strategic thinking.

The WBCSD used this tool in its Global
Scenario and Biotechnology Scenario projects
and we found the approach helpful in
looking at the broad questions of business-led
innovation and use of technology. This
section gives a brief summary of these two
sets of scenarios. Other publications (see
reading list) describe the method and give the
complete stoties.

The Global Scenarios explored sustainable
development in terms of two parameters:

Uncertainty: How we will recognize the
resilience, limits and critical thresholds faced
within the global ecosystem.

Governance: What forms of social system can
best respond to the challenge of sustainable
development.

FROG!, GEOPolity and Jazz describe different
ways in which people view and respond to
these parameters. The real world reflects
aspects of all three.

Some who have worked with the results want
to realize the benefits of the dynamic Jazz
world and look for solutions that will foster
its innovative spirit and market-based
approach. Othess feel that Jazz will be a very
challenging world in which to live and work
and consequently may not deliver everything

they wish to achieve. GEOPolity offers other
ways to approach these challenges.

FROG! - First Raise Our Growth!

FROG! describes a low-trust world in which
people focus on jobs, economic survival and
short-term financial returns. Although
people believe they value sustainable
development, local economic pressures
dominate their thinking. After all, people (at
least those who are already affluent) find it
obvious that their neighborhoods have
become far cleaner, presumably because they
have already adopted the right approaches.

This local focus leads to a poor reading of
signals. Signs of global environmental
problems - for example the risk of climate
change - and growing social inequity either
go unnoticed or trigger disagreement about
what signs of change mean. No action will be
faken until it becomes impossible to continue
ignoring the signs, by which time it will be
correspondingly harder to respond
effectively.

In the meantime, the public takes advantage
of what business offers and punishes
companies that are seen to cause harm
through their goods and services and ways of
operating. Voter-sensitive governments
ensure that exposures are discovered and
dealt with promptly, so firms act defensively
to anticipate and limit liabilities.

FROG! generates solid economic growth yet
this will probably be unsustainable because
no one takes care to address sustainability as
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their ambition. There will be continued
technological progress but this is unlikely to
be directed towards greater sustainability.
Existing approaches, ways of working, etc.,
will be extended rather than replaced by
something better. There will be an emphasis
on tools for monitoring, quantifying and
documenting the performance of existing
operations rather than going pro-actively
beyond these standards.

Governments will legislate, set technology
policies and support R&D in order to
stimulate local competitiveness and
aspirations. Aspects of these policies, and the
innovations that result, may accidentally
align with the ambitions of sustainable
development. Ambivalent consumier
attitudes and lack of long-term thinking
about ethical and other implications will
limit the sustainable value of the results.

GEOPolity

GEOPolity starts with a recognized
environmental crisis. The palpable failure of
national governments and multinational
companies to deal with the crisis as well as
past problems destroys the already limited
credibility of these existing institutions.
People recognize the need for new
mechanisms to address global issues such as
the health of the planet and to resolve
conflicts of interest in a peaceful manner.

The spirit of the age - the “mood of the
millennium” - captures the attention of
people who have the ambition to put things
right. This aligns their effort into a collective
sense of purpose and they build an
interlocking global governance system
coordinated at an international level.

GEOPolity reflects a human desire for big
solutions to grand challenges. [ts institutions
work towards market-based solutions but set
new rules and regulatory frameworks for
markets to follow. To achieve greater
sustainability, these global institutions may
engage companies in a joint attack on big
challenges.

Consequently, this scenario will develop
world-scale technologies and drive forward
major global infrastructure projects. One can
imagine the 21 century equivalents of
Concorde and Apollo, designed to address
climate change, provide equitable supplies of
clean water and food, manage critical eco-
systems and foster “connectedness” and
opportunity.

In such a world, technological prowess will be
a key tool that firms use to ensure credibility
and secure their license to operate, shape
legislation and achieve competitive
advantage. Technology-rich companies may
see great value in encouraging and becoming
contractors to these initiatives. (Today’s
nuclear industry developed very rapidly in a
wortld rather reminiscent of GEOPolity.) As
symbols of their prowess, they are likely to
prefer process and product technologies that
can be patented to intangible knowledge-
based approaches.

A strength of GEOPolity is its ability to set
decent rules and regulations to steer the
collective effort. This scenario will probably
be very effective if global standards and
regulatory frameworks are needed (and can
be agreed) in order to build better solutions.

Its weaknesses include the difficulty of
changing existing institutions that already
feel empowered to deal with matters and the
general risk of bureaucracy and slow response
associated with “big institution” processes.

As a result, there may be undue up-front
selection of “winners” within GEOPolity, too
little engagement of customers in the choices
being offered and too little attention to
unintended consequences and side effects.

lazz

Jazz describes a world in which people
recognize that they can care about issues such
as sustainable development without needing
others to legislate the solution. These people
harness the markets to find solutions to their
concers, in the process creating a complex
market-led world of ad hoc experimentation.
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This is a demanding world of partnerships
between consumers, businesses, governments
and non-governmental organizations.
Alliances form and break fluidly to meet civil
demands. High transparency enforces quick
learning by allowing the public to identify
and punish companies and governments that
break the social norms. In Jazz, the public sees
no need to applaud expert opinion for its
own sake,

In this world, technology is a cross-fertilizer
that enables firms to work within diverse
partnerships but it also creates challenges for
them to overcome. For example, in a
transparent world, innovative companies
need new ways to safeguard their intellectual
assets. This will encourage greater speed of
use of these ideas and emphasize the less-
tangible, knowledge-tich technologies
suitable within a service economy.

Jazz can align people worldwide to common
cause but the nature of their alignment
cannot be taken for granted. Initiatives such
as the redesign of large infrastructures or the
handling of sensitive new technologies still
require a consensual basis and public ground
swell to move forward. Furthermore, even
though its public wants to achieve progress
across a broad front, communities and
organizations that lack resources and skills
may find it hard to join the Jazz band.

Implications for Company-led
Innovation

Scenarios help focus our aspirations and
actions by sharpening our understanding of
the diverse forces within today’s society. Of
the three Global Scenarios, GEOPolity and
Jazz appear more able to support sustainable
development. Signs of all three can be seen
around us today.

Many people consider Jazz to be the more
appealing world to aim for, because of its
sense of personal responsibility, collective
effort and transparency but it also seems
important to maintain the framework-setting
strengths of GEOPolity.

The stories suggest (see Dearing, Have We the
Foresight for Sustainable Development) that
sustainable innovation will involve
companies in:

» Taking advantage of dynamic,
experimental approaches and providing
consumers the information and price
signals to exercise informed choice.

» Being willing to buijld and work within
institutional structures to coordinate
large-scale tasks and constrain
unacceptable behavior while avoiding
the tendency to “plan mega-solutions” as
a matter of course.

» Expanding local focus to legitimize action
on a broader front, for example by
actively disclosing impact and working
with the public on risks and benefits.

An important conclusion is that the
approaches taken to education, regulation,
social values, public understanding of
cornplex subjects such as technological risk
and the precautionary principle strongly
influence how well societies can address their
sustainable development. With no single
point of leverage, a broad base of action is
needed that will extend throughout and
beyond the firm.

The Biotechnology Scenarios

This project was carried out after the Global
project was complete. It focused on the
certainty that someone, somewhere will put
scientific developments in areas such as
biotechnology to use and the inevitable
human anxieties about the unknown.

It generated three scenarios, The Domiio
Effect, The Hare and the Tortoise and Biotrust.
The scenarios explore the impact of
unintended consequences on the
acceptability of a technology, the balance of
risk and liability issues and consumer choice
on sustainable development and the
consequences of a widely accepted
biotechnology industry.

These scenarios build on similar forces as the
Global project and also draw similar
conclusions about the importance of linking
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public initiative with framework setting
approaches.

Depending on Lhe nature of public reaction
to the unintended events that new
technology triggers, the acceptance of
technology can vary widely. This is the story
that is explored in The Domino Effect. This
presents a low-trust world in which events
take a negative course, leading to heavy
regulation: in the language of the Global
scenarios, FROG! leading to GEOPolity.

Apart from any such event, an industry that
grows up around the new technology could
prosper or not for reasons that depend on
factors other than technology or sustainable
development. This story is explored in The
Hare and the Tortoise, a Jazz-like world in
which new technology is not much of a

player.

The third unknown has to do with the
consequences of a successful and widely
accepted technology-based industry. What
kind of world might this produce and how
might acceptance come about and be
assured? This is the story of Biotrust, also a
Jazz-like world but with some of the
framework overtones of GEOPolity. Of the
three scenarios, this is the one that achieves
the most extensive application of the new
development.

These stories help focus attention onto the
sources of the unpredictable and so help us
appreciate what imaginative worlds it would
be wise to inhabit (at least for a while) if we
are interested in the future of technology and
want to learn how to achieve the desired
outcoime.

Social Expectations as a Driver for
Sustainable Innovation

We discussed these conclusions with people
and organizations worldwide concerned with
sustainable development to learn their views
on the role of company-led innovation. What
we heard confirmed many of the tensions
apparent in the Global and Biotechnology
Scenario studies:

e growing awareness of social values and
environmental issues,

o rediscovery of the sense of co-dependency,

s amore determined public with diiferent
priorities for innovation and use of
technology.

The results of part of this study, the 1999
Regional Dialogs, are given in the Appendix.

“People are placing less value on technological
progress and economic growth and relatively
more value on conserving and protecting the
quality of the environment in which they live.”

This quote came from a book written over
twenty vears ago (see Schein, Career
Dynamics) but the 1999 dialogs reinforced its
message that innovation is widely desired but
not always seen to be positive.

Many people perceive innovation as
technological progress creating
indiscriminate economic growth and leading
to depletion of the natural environment and
increasing pollution.

A real commitment on the part of
corporations, rather than technology itself, is
seen as the pre-requisite for creating the
conditions for sustainable growth and better
quality of life. Consumers expect companics
to go beyond minimum requirements and be
main actors in realizing these conditions.

Leading companies have recognized that
resolving these tensions provides the only
basis for their profitability in the years ahead.
Put one way (by Richard Branson) “the brands
that will be big in the future will be those that tap
into the social changes that are taking place”. Ot
as Roger Cowe expressed it recently
(“Account-Ability”, The Planet on Sunday):

“Once a company has acknowledged it has to
account for poliution ... it is harder to deny wider
social responsibilities. And once outsiders have
been through the gates, it is impossible to stop
them looking beyond one narrow aspect of
business.
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Checklist 1: Playing within the Well-tempered Jazz Band

— Are our actions in tune with jazz, more like the formal structures of
baroque cantatas or simply discordant? Do we really want to be
challenged to experiment and innovate, or are we accepting the
security of established management processes and regulatory
frameworks?

— Do we know what tune people would like us to play? Will they find
our tune too hard to share? Can we play theirs?

- Are we willing to form partnerships and alliances that can create these
new harmonies or do we join with the rest of the woodwinds (for
example, our industry association) and argue that it is the percussion’s
turn to play? Have we also got the imagination and energy to build
and work within the framewaorks that can move us forward?

e P A N T R Ty

Curfously, this odd little world of social auditing
threatens to fuel o debate about the purpose
and nature of 21" century capitalism which has
escaped the politicians for decades.”

The sense is that markets will increasingly be
characterized by the power of vision: to think
the future, imagine the future and shape the
future. In other words, firms ase being
expected, and some are themselves
expecting, to address sustainability by design.
Examples such as Dupont’s “To Do list for the
Planet” demonstrate that this is already
happening.
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